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Com@ucting «om euperieent as extensive ané flesiblie a8 this one requires 
comsigerable cooréinstion end effort {res sany people beme of the key people 
ond ectivities ere Ggescribed below Please sete thet semy others aey heve 
asée substantial contributions to the preject. and if they remsin unidentified 
I hepe they will eccept ay aepelegies ané bnew the iapertance of their efforts 
te the everail success of the preject 


As is gentioned in Chapter {. this pregras relied extensively om clese and 
open cooperation between © 5 project principelis and suppert persemme| and 
participents free Resice Vithewt this eutwal suppert the preject would heve 
been substantially narrower in scope end insight The precesses of interest 
are sective in pertions of the ecoemn thet «ere cieseiy iisked te beth 
countries Im Meuice, Captain Alberte Vaerques hed «4 ieed rele in logistics 
and other sarrengesents needed to coordinate working [rem Mesican Sewal 
research veesels. This, hewever, was only possible with the euppert previded 
by Viee Adwiral Cilberte Lepes-Lire, Director ef Ocean Research in the Office 
of the Seeretaery. Mealican Bavy The captain of the B/0 ALTAIR. Captain 2. ® 
Alcala, previded support at see Guring several of the preject cruises 


The 500F pregream was seinteined only through the cenmtinued and longstanding 
diligence of FP. dehernion The prevision ef trajectery data free five et) 
ingustry AROCOS drifters Gepleyved Guring the study perted is gretefuliy 
echnewledged. These data were provided by ©. Forristail ef Shell O11) 


Much of the date processing was dome by T. Martin and &. Veber Their 
ettention te detell end efficiency allewed SAIC te be responsive te the 
preject requirements Of especial sention is the continued suppert ef Dr 
Peter Hamilten whe was able te previde considerable technical leadership and 
te selve some sensitive enalysis sethodelogies 


i would like te thank the field technics) eteff as « group for due diligence 
in whet wee often trying work. Their skill and perseverance were essential 


Finally, Or. Murrey Brown aainteined fleaibility end engeing attention te the 
program. resulting in en ewareness and understanding of evolving requirements 
that sllewed hie te sake technics) edjustments in the experimental design 
Vithewt Dr. Brown's continwed invelvesent. the pregrams would have hed lees 
success and would heve been gore lisited in ite results 


1. Exestam Oblectives 


The Gulf ef Seaice Physical Ccoeanegraphy Pregres (GNPOR) e Mimerele 
Renagesent Service (MES) study funded under contract with iclenme Appiicet Lom 
letermetions) Cerperetion (SAIC). hee a6 its objective the Gewelopaent eof an 
lapreveé understanding of prisery Gulf cireuletion petterns and the sechan: ome 
pregucing these petterns It te espected thet insights [ree thie pregres 
will prewide on expended basis for sebing informed sanegesent Gecisions 
releteé te Outer Ceomtinental Shelf (OCS) ei] amd gas eupieretion. preducttion 
oné trenepertation im the Gulf of Besice. This ebjective. in beeping with the 
OCS Lam@s Act. requires the Department of the interier te conduct apprep7iete 
studies te evelusete the envirenmmenta, iapect ef effshere cil, amt gas 
eve opment 


12? Lepgtam Background 


Im 1982 @ @ulti-yeer Loweetigetion inte the physical cceanegraphic conditions: 
releted te eof resulting free deep cireuletion petterne in the Guif of Mesice 
was begun Thie pregreas hee « phased. regions) eaphesi«e Thee. the earlier 
twe previews pregres reperts describe three years of field seaeurements in the 
eesters Gulf end on the weet Fleridsa shelf (SAIC. 1986, SAIC. 1987) “he 
present repert wveecribes seasurements meade Guring Pregres Year © in the 
contre, end western Gulf. The Year } geal was te Geoument and Geseribe the 
charecteristics end cireuletion petterne in end releted te eddies thet Getach 
free the Leep Cerrent (Lf) cné sigrete weetwerd (Figure | 2-1) The physics! 
preesses of interest Ge net reepect pelitice) bewnlaeries established eof 
preopesed fer the Gulf besin, for example netioneal exclusive econesic ones 
(82) Because these precesses direetiy effect US and Meslcen fomee. gary 
of the seesuresents of interest hed te transcend these boundaries Tewaerd 
this end « cooperative end jeint effert was developed between this MS. funded 
pregrem end the Mesican SNevy it wee enily threugh thie cooperation thet an 
exceptions) Pregres Year ) date set wee obtained 


Meany individuals cenmtrfibuted to seking thie cooperative study pregram « 
euccese Several key individuals ere identified in the Acknowledgments for 
thie pregraes repert 


1.) Eeoetem Elements and Participants 
1.3.) Bey Gbeervations 


Te suppert the Pregram Year } objectives. « range of seeeurements wee meade 
These Geasurenents hewe been wtiliced by the selentific lead end cuppert 
pereomme| te develop an integrated characterisation ef eddy related features 
and petterne Prigery geeeuregents ime luded 


. Subsurface cutrents/teapereture and pressure aiong and ecrese 
iseebethe im the west central and northwestern Gulf 


. A sequence of hydregraphie eurveye (ship. end plane besed) te 
Gecument the )-disenstemel cherecter end ewelut'on eof «@ Le 
eae@y as it gewed lote the weeters Gulf 
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focuses on Loop Current eddies in the central and western Gulf 
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. Satellite-tracked drifters to provide information concerning 
the circulation patterns in and sround eddies 


. Both regular, periodic and one-time ship-of-opportunity 
(SOOP) platforms used to release expendable temperature probes. 
These long-term observations provided valuable and cost- 
effective information regarding the temperature structure in 
beth the presence and absence of eddies. 


These data were, a8 appropriate, combined with marine winds and coastal winds 
and water level data. However, because the features and patterns of interest 
remained off the shelf and over the slope or in the deep Gulf, the effect on 
ané utility of coastal data vere often lisited. 


Several of the above data types provide a standard against which results of 
numerical models can be compared. Particularly relevant are drifter 
trajectories and subsurface currents. 


1.3.2 Key Scientific Personne] 


Te extract important patterns and processes from the comprehensive, smulti- 
variate data set, a team of highly qualified scientists was established to 
work both independently and in collaboration. Presented alphabetically with 
their affiliation and primary areas of responsibility, they were as follows: 


. Dr. David Brooks - Texas AGM University (TAMU), subsurface 
currents and hydrography. 


. Mr. Frank Kelly - TAMU, subsurface currents and hydrography. 
. Dr. James Lewis - SAIC, Lagrangian drifters. 


. Dr. Fred Vukovich - Research Triangle Institute (RTI), 
satellite imagery 


Key support personmmel were R. Wayland, J. Singer and C. Casagrande Mr. 
Wayland was Deta Manager and worked closely with the scientific team to 
provide data analysis, products and graphics in a timely manner Mr. Singer 
was responsible for much of the program logistic support and served as Chief 
Scientist on some of the cruises as Chief Scientist Mr. Casagrand: was 
Chief Scientist the three subsurface current mooring cruises. Or. E. Waddell 
is Program Manager for the GMPOP 


1.4 Report Organization 


Since the present document reports on observations taken during a continuing 
program, many of the support procedures and methods are the same or similar to 
those used and described in previous reports When this is the case. the 
redundant material will not be reproduced again in this report. Rather, the 


material in prior reports will be presented by reference to previous progran 
documents 


in this repert, Chapter . provides a brief overview of program elements 
Chapter Il describes data taken or used Chapter Ill provides a description 
of methods by which data were analyzed in the synthesis process Chapter IV 


gives a discussion of conditions and processes as deduced from the integrated 
program data set, i.e., the results 


1.5 References for Chapter | 


Science Applications International Corporation 1986 Culf of Mexico 
physical oceanography progras, final report, years 1 and 2. Volume I!: 
technical report. MMS Contract No. 14-12-0001-29158. SAIC Report No 
SAIC-86/1023. 378 pp. 


Science Applications International Corporation 1987 Culf of Mexico 
physical oceanography program, final report, year 4 Volume II: 
technical report. MMS Contract No. 14-12-0001-29158. SAIC Report No 
SAIC-87/1027. 226 pp 


Il. DATA ACQUISITION 


2.1 Iotreduction 


Chapter II presents an overview of the extensive gultivariate cata set 
collected during the western Gulf programs. The chapter objective is to 
provide « foundation by which the reader can understand the what, when, how 
and where of the program seasurements. Pre-analysis corrections or 
adjustments are identified and discussed. Vhen such adjustments are sisilar 
or the same as undertaken during previous program years, the reader will be 
referred to detailed discussions in these earlier reports. The dlecussion 
will not be reproduced here. Reading this chapter will provide the reader 
with a good understanding of the data base available to the progras 
principals. The chapter is also organized so that each of the primary data or 
measurement types is discussed separately. Data taken during the program will 
be subsitted to the National Oceanographic Data Center (NODC) and will be 
available from that source. 


The integrated analyses of ne deta discussed below form the basis for the 
process syntheses developed in this report. 


2.2 Drifter and Associated Dats 
2.2.1 Introduction 


ARGOS Drifter 1378 was placed in a LE eddy identified as Iddy B which provided 
the primary Lagrangian data in this study (Figure 2.2-la). Eddy 3 was tracked 
across the Gulf for «a 10-senth period during which tise Drifters 5678 and 568) 
were also entrained in the eddy’s flow fleld. As it approached the Mexican 
coast, Eddy B interacted with « previously shed feature called Eddy A (Lewis 
and Kirwan, 1987; Figure 2.2-1b), which had several drifters (335), 5495, and 
5682) associated with it. Actually, Drifter 5495 had been seeded in Eddy 5 
but was cast owt early and became entrained in Eddy A (Figure 2.2-i1b). A 
seventh drifter (3354) was entrained in the Loop Current at the tise Eddy 5 
was being shed (Lewis and Kirwan, 1987; Figure 2.2-2a); and an eighth drifter 
(3379) was seeded in a subsequent ring (Eddy C) in March 1986 (Figure 2.2-2b) 
Eddy 8 interacted with the younger Eddy C as the latter drifted inte the 
western Gulf. Table 2.2-1 summarizes the drifter data sources 


The Lagrangian data are presented along with corresponding sea surface 
temperature (SST) data for the Gulf. Most SST saps represent average 
temperature structure over «a 7-day period. In gany cases (especially 
non-summer gonths), additional flew characteristics can be inferred from the 
SST contours. During warmer gonths the SST isotherms can be considered 
general estimates due to surface water heating end associated reduction of 
surface temperature gradients. 


Water column parameters are used te infer changes in the size and extent of 
Eddy 8. Specifically, the volume of water between the 68°C and 15°C leotherns 
was examined across the ring where the 6°C isothers reaches wpward te the 
depth of 550m. The spatial pattern of the 68°C isothers depths helps describe 
the charecter of flew around the ring. The 86°C Leothers was chosen since this 
temperature surface is not affected by surface heating and cooling 
Similarly, the 15°C isothermal surface is rarely affected by surface processes 
except in shallow shelf regions (water depth <1008). As for the consideration 


> 


Figure 2.2-1 


Trajectory fer: (a) Drifter 3378 end (6) Drifter 5495. The 
presence of Eddy A was Getected at “9)°V when Drifter 5495 
begen seking anticyclonic leeps. Depth centours are in meters 


Squares Genete the beginning positions of the ¢crifter trajec- 
terles ané triangles Genete the end positions 
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Figure 2.2+2 


il or 


Trajectory for: (a) Drifter 3354 free eid-June through aid- 
September 1985 and Drifter 3378 frome eid-July through Septeaber 
1985 (alee shown is the lecation of Eddy A during August and 
September 1985) and (6) Drifter 3379. Depth contours are in 
seters. Squares denote the beginning positions of the drifter 
trajectories end triangles Genete the end positions 
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Drifter Associated Tise in Symbol on 


identification Anticyclone Culf of Mexico SST Charts 
337e° Lédy 8 Jul 18. 1985- 
Jun 26. 1966 es 
44 95eee Eddy 8. Eddy A Jun 29. 1985. 
Jan 23, 1986 9000000 
$680eee Not in a Ring Jul 18, 1985- _ — 
Sep 5. 1985 
4682¢¢° Eddy A Aug 6, 1985- 
Oct Ll, 1985 Bosom 
135400 Leop Current Jum 18. 1985- 
Anticyc lone Sep 15. 1985 o@ecece 
S68) eee Lady 8 Aug 3, 1985- 
New 24, 1985 eeceee 
567 8ee8 Eady 3. tddy C Oct 23, 1985 
Apr 30, 1986 ooooo 
))5)** iddy B. Eddy A Nov 3, 1985. Sagan 
May 22, 1986 
31379 Eady © Mar /. 1986- 
Jam 22, 1987 =_eoam 


*Polart Research Laboratory (PRL) TOD with 200m, weighted thersister 
string 


*oPRL Mini-TOD, 2008 tether 


***Horizon Marine Drifter Date previded by Shell Oi) 


Table 2.2+1 Drifters, their asseciated oceanographic structures 
periods during which pesition data were collected and 
symbols used for their trajectories on the SST charts 


of lateral extents bounded by where the 68°C isothermal surface reaches 550s, 
an inspection of expendable bathythermograph (XBT) data showed that the &°C 
surface typically has its greatest slepe at 5508. Thus, the 550m extent of 
the 6§°C surfece is used as am indicator of the edéy boundary The 
hydrographic data collected for Eddy 8 are listed in Table 2.2-2. 


The peth information fros « mumber of the drifters was analyzed to provide 
various kinematic Gata (Kirwan et a1.. 1987). ‘These analyses are used to 
consider the changes of Eddy 8 during its lifetiae. The changes include 
changes in swirl speed (rotary speed about the translating center of the 
ring), vorticity (related to enguler velocity), period of rotation, elliptic- 
ity (eccentricity and orientation of the eddy axes), deformation (shape change 
rate) and sise. 


2.2.2 Separation of Eddy 3 from the loop Current 


Drifter 3354 was initially seeded in what appeared to be « newly formed eddy 
in June 1985. However, Eddy 8 had not totally broken free of the Loop 
Current at that tise. Drifter 3354 was swept inte the Leop Current proper and 
remained there for } sonths. Eddy 8 was reseeded with Drifter 3378 in July 
1985. The interesting aspect of the co-existence of Drifters 3354 and 3378 
from July to September 1985 is that beth were entrained in anticyclones, one 
in the Leop Current and the other in Eddy B. This allows the processes within 
the Leop Current during and directly after the separation of Eddy 3B to be 
discussed. 


Drifter 3354 was seeded at 25.9°H, 87.9°V om June 18, 1985. It was hoped that 
the drifter would remain in Eddy 8, but it immediately left and soved 
southeastward ~525 kilometers and reached 23.2°N, 63.7°V by June 29, 1985. At 
this point, the d¢rifter became entrained in a westward, anticyclonic flew 
field with a center of rotation et sbowt 24.0°H, 85.5°V (Figure 2.2-2a). 
After twe fretations (inte sid-August), the drifter ‘suddenly* soved 
northwestward and gave three additional retations centered at abowt 25.5°R, 
86.5°V. The drifter then left this flew pattern in aid-Septeaber 1985 and 
exited the Gulf through the Florida Straits. 


Drifter 3378 was seeded in Eddy B at 26.4°N, 89.3°W om July 18, 1985. By that 
time the eddy hed totally separated from the Leop Current. As shown in Figure 
2.2-2a, Eddy B slowly soved westward, reaching approximately the 91°V meridian 
by sid-August. Recall that after aid-August the Leop Current (as determined 
by Drifter 3354) seved northwestward and ressined there wotil «at least 


aid-September . During that same 0-day period, Eddy 8B continued soving 
westward, reaching the 92.5°V meridian. 


2.2.3 Westward Movement of Eddy 5 


As shown in Figure 2.2-la, Eddy 8B reached 91°V by wid-August 1985 At that 
tise, it seved west-northwest onte the continental slepe where translation 
appears te cease for three revelutions. In wid-September 1985, Eddy 5B 
abruptiy seved southward inte deeper water. This sevesent cccurred within one 
revolution of the eddy (~11 days). The eddy then translated westward, with 
the drifter soving closer to the eddy center (note the smaller loops between 
92°0 and 95°V im Figure 2.2-1a). The latter part of the trajectory 


(aid-Noveaber 1985 through May 1986) shows Eddy B interacting with the western 
shelf of the Gulf. 


Avallable KET Data 


Source Date 
M/V BAT CO 6 Jul 16-19, 19865 
R/V PELICAN Oct 22-27. 1985 
AXET Survey New 11-13, 1985 
B/O ALTAIR Jan 23-Feb 5. 1986 
B/O ALTAIR Apr 26-May 14, 1986 
HO-2 Aug 16-22, 1986 


Table 2.2+2 A listing of cruises during which water temperature data 
were collected for Eddy 5 


2.2.4 \[opereactions in the Western Gulf of Mexzice 


A @rifter launched by the offshore inéustry in June 1985 eventuslly decease 
entrained in the flew field of Eddy A (Figure 2.2-1b) which was centered at 
23.5°8, 93° at the beginning of August 1985. This eddy gradually soved 
southwestward ecross the deepest portion of the Gulf. By the end of Septeaber 
1985, Eddy A was still rotating strongly et 23°8, %.5°V. 


A then soved westward onte the Mexican coast shelf at -22.5°8. Figure 
2.2-lb shows that the ring remained there until st least sid-Decesber 1985. 
During thet tise, Eddy A took on 4 north-south eccentricity and soved 
northward. There was « considerable amount of interaction between Eddy A and 
Eddy B at the end of 1985; this interaction will be discussed in detail later. 


The LO eddy which separated after Eddy 8 was Eddy © (Figure 2.2-7b). The 
beginnings of Eddy C can be seen in SST data as early a8 wid-November 1985. 
This eddy had been shed by sid-January 1986, and its flew field hed entrained 
Drifter 3678 in April ef that year. [Eddy © was seeded with Drifter 3379 in 
early March 1986. The path of Drifter 3379 (Figure 2.2-2b) shows « 
southwestward sovement through the deeper waters of the Gulf. However, in 
sid-May 1986, Eddy C interacted with the remnants of Eddy 5, and the result 
was 4 curious east-west orlented, peanut-shaped path (Figure 2.2-2b) at <24°R 
Afterwards, Eddy © goved westward onte the Mexican shelf. Along the Mexican 
shelf, Drifter 3379 began making large, anticyclenic leeps, approximately 4° 
in latitude and Longitude. 


2.3 Bydrography 
2.3.1 Ilotreducticn 


Between October 21, 1985 and February 6, 1986, twe ship-based hydrographic 
surveys and one serial expendable bathythermegraph (AXKEBT) survey were 
conducted in the western Gulf of Mexice te study interaction of « Loop 
Current eddy (warm-core ring) with the western Gulf slepe region Such 
interection, it is believed, contributes significantly te the regional 
transport and asixing processes. 


Each of the ship-besed surveys included conductivity/temperature/depth (CTD) 
and XBT measurements, near surface current measurements and the cellection ef 
water samples for the analysis of mutrients (nitrate, pheephate and silicate) 
ané dissolved oxygen. Surface chlerephyll data were alee collected, a8 were « 
few expendable current profiles (XCPs) during the initial hydrographic cruise 
Aetial ECPs (ARCPs) were deployed as part of the AMET survey tech of the 
cruise end serial survey sampling plans was edjusted in the fleld by combining 
the latest avalleble satellite thermal leagery with the latest positions tree 
ARGOS drifters entrained in the warm-core eddy. in eddition, during each of 
the surveys vertical sections ef temperature were plotted in real tlae te 
permit further edjustments in the survey as oceanographic conditions changed 


7.3.2 Coulee Summaries 
2.3.2.1 BY PeLicas 
The firet hydregraphic cruise wes between October 21 and 29. 1985 sbeard the 


R/V PELICAN. The ship's treck, indicating oll CTD and KBT etatiow. is shown 
in Figure 2.}-1, am@ the crulee etation and sempliing summaries are presented 
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im Tebles 2.31 amé 2.32 During this sampling peried. sdverse weather 
significantly effected the planned survey Only one north south section was 
rum Guring which conditions were faeweredie  Fellewing this. « second radia’ 
lime was begun on Geteber 7) free the eGéy center te the east however. 
ae per were suspended shortiy thereafter Gue te inmereasing winds (40-50 
bmets) and high seas (6-1) feet) which developed inte Trepicel Stere Juan on 
GCeteber 26 ené Hurricane Juan on Coteber 78 The regsinger of the cruise 
peried wes spent setteapting te eveld the hurricane ané trying te seke port 
(Figure 2.3-2). These efferts were further coupiiceted by the persistence and 
wpredictability ef the eters end by aassive fleeding im Cocodrie. Lowisians, 
the ship's hee pert 


The second bydregraphic cruise took plece free Jamuary 2) through February 6. 
1986 esbeerd the 8/0 ALTAIR. «4 Menican navel oceanographic research veesel 
The ship's erulee treck, indlecsting o11 CTD and EBT stations. a1) 5-4 208 
depth current seasurement stations end 21) plemetem teow stations. is shewn in 

2.3+3 The erwlee etetion ené sampling summaries ere presented in 
Tables 2.3+3 ané 2.3-4 


During the cruise sampling peried. weether conditions were dosinsted by 
seetiy fair weather and ESE winds 10-20 bmets, except fer the passage of an 
intense cold freat on Jenwary 26 sceoepenied by brick MW winds of 25 te 10 
enete Thie leter event curtailed ever. the side cceanegrephic operations for 
shout 12 hours ond resulted in substitution of « number of KET drepe fer CTD 
caste slong one of the trensects Otherwiee, the erulee was net sedversely 
affected by the weather 


The sampling grid was Gesigned te optiaioe seesurements for the werm-core LO 
ed@y a6 it intersected with the shelf-slepe region Ae euch, eight pereliel 
transect limes 309 seutieos! siles apart (lebeled A through & free nerth te 
south) were erlented sleng 1227°T. Orid pelnts, separated by 29 newtica! wiles 
sleng eech line. were Gesigneted ae CTD stations. and EBTs were deployed 
sidvey between each “TD grid point At eli, bet three of the CTD stations, 
sampies were collected for inergenic mwtrient enelysie and disselved oxygen 
As the eurvey pregreseed and the eddy setructure became evident severe) 
tteneects were ewt shert te seve tise by caneeling etetione et either end 
Lines 4. 8. BD. E. F ant © were surveyed with the alternating CTD/KET sequence 
described above Line © wee simeet entirely surweyed with EBTe because high 
winds end seas prevented safe and practical operation eof the CTD. and two eof 
the CTDe on lime # were replaced with ESTs te saewe time as the line appeared 
te perellel the @ynasic tepegraphy of the southern perimeter of the eddy, 
shewing little etrweture Open coepletion ef the grid, Treneeet | was run due 
nerth sleng the 9) .4°0 seridien with EBTse deployed ewery 9 newtioal wiles 


During esch of the cruises, « Heil Brown Mark 4:8 CTD sensor package and « 
General Geeentee Model 1015 Mark V Resette Sulti-Bettle Sampler were used 
The sampler was equipped with 12 fiwe- liter /.ckim bettles, ewe of which were 
outfitted with rewersing thermeseter recks faech rack contained two pretected 
and ome umpretected reversing thermometer The CTD wee powered by «@ Mode! 
1190 Dete Termine, end controlled by «@ Hewlett Packard eini Computer syetes 


.3 


Section Dete (ONT) Stetien Nuabers 
A-8 Oeteber 22-24 1, 2, SK, OC, 7K, OC, OE, 
Oc. Lik, L2C, 23K, 4c, iS 
isc. 17k mk, 2 ree 
220. 22k, 25k, 200, 27% 
20¢. 29h. oc, JR, 320, 3K 
ast 
B-C Ceteber 25 aoc, 35K, DOR, 37K, JBC 
c-® Oeteber 25-26 aac, 39C, SOR, alk 
>-& October 26-27 Sly 47K, SUK, SOK, 43K, OOF 
Tabie 2.31 Stetion summary fer the 8/V PELICAN erulee for the 
peried free Octeber 21 throug, 79. 1985 
Section CTD XBT Nutrients Ouyeen Selinity Chiereph ') 
A-8 i7 15 133 133 i5 15 
ethers 10 19 19 2 : 
TOTALS 19 23 132 132 i? 1? 
Table 2.3+2 Sempiing summary fer the B/V PELICAN crulee for the 


peried free Octeber 21 threugh 29 


1985 
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Figure 2.3-2. Cruise track of the R/V PELICAN and the path of Hurricane Juan 
for the period from October 21-31, 1985 
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Figure 2.3-3a-b. Cruise treck of the B/O ALTAIR for the period from January 22 through February 6, 
198% and the location of all: (a) CTD and EBT stations, (b) &-4 20-meter depth 
current measurement stations 
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Figure 2.3+« Cruise treck of the 8/0 ALTAIR for the peried January 22 


through February 6. 1986 and the lecetion of a1] plankten tew 
stations 


Section Date (CHT) Station Numbers 


ACA-A*) January 23-24 1C( 2K). 3K, SC, SK, OCC7K), GX, 
SC(LOK). LIK, 12C, 13K, isc, 
15K. 16C(17K) 


B( Be -8) Jamuary 25-26 19C, 20K, 2IC(22K), ZR, 26C, ISK, 
26C( 27K), 2EX, 29C, DOR, 31C( 32K), 
33K, 24K, 35K 


(B-C) Jarwary 26 DOX, 37K, DOK, IVE, 


bse) § 
C(C-Ce) January 26-28 SOR, S1K, 42C, SIR, GOK, S5K, 66K, 
S7K, SOK, 49K, SIM, S2K, SIR, 54K, 
SSK, SOX, S7K, SOx 


D(D*-D) Jamuary 28-29 S9C(GOK), GIX, G2C(G3P), 64K, 
6SC(G6GK), 67K, GOC(G9P), 7OX, 
PLCC VIR), FIR, 7HC(7SK), 70K, 
77C(7EK), 79K, SOC(ELP) 


E(E-t*) Jamuary 30-31 S2C(GIP), B4K, SSC(OEK), 87K, 
SOC(S9F), PORK, FIC(92ZP, 93K), 
94K, OSC, FOX, FIC(OEP, 99K), 
LOOK, LOLC, 102K, 103C(106P, 105K) 


FC re-F) Jamuary }i- L06C(107K), LOGX, 109C, 110%, 
February | LLLCCLL2P), LL3K, LISCCLiSP>, 116%, 

Li7C, LASK, LIPCCL20P), 121K, 
L22C(123P), 126K, L25C(126K), 127% 


C(C-G#) February 1-) 126K, 129K, LIOCCLILP), 132K, 133, 
L34K, LISC(LIGP), 137K, 138C, 1LI9K, 
LOOC(L4GiP), 142K, 1430, 144k 


n(He-H) February 3-4 145K, 166C(1467P), 148K, 1469C, 150K, 
LSC, LS2K, 1S3K, 154K, 155K, 156x, 
IS7C(ASSP), 159K, Leo 


(HC) February 4 LOOX, 161K, 162K, 163K, 164K, 165K. 
166K, 167K, 168K, Leer 


I(i-1*) February 4-5 AS2K. 170K 17K, 172K, L7IK, 174k, 
73K, L7OCCL77P), 178K, 179K, LOOK, 
LOX, LO2K, LOTR, LOOK, LOSK, 186K, 
L7H, LEEK, LOOK, LHOK, LPIA, 192K, 
193% 


Table 2.3-3. Station summary for the 8/0 ALTAIR cruise for the period 
frome January 22 through February 6, 1986 


is 


Section CTD XBT Current Nutrients Oxygen Salinity lenkton 


(A-A*) ¢ 10 0 41 41 - 0 
(B-Be) ¢ Li 0 $0 $0 ¢ 0 
(B-C) 0 . 0 0 0 0 0 
(C-Ce) i 17 0 19 19 2 0 
(D-De) ‘ 12 } “6 16 10 1 
(E-E*) ‘ Li > 67 77 i2 j 
(F-Fe) ‘ 10 + 7$ 7$ 16 } 
(C-Oe) 6 ‘ j 59 60 2 « 
(Hi-He) . 19 2 «0 «0 ? } 
(H-C)} 0 ‘ s) 0 0 0 0 
(I+73@) 1 23 l - 19 2 l 
TOTALS «48 12% is 427 439 71 15 
Table 2.3-4. Sampling swmmary for the 5/0 ALTAIR cruise for the period 
froe January 22 through February 6, 1986 


De 


An HP-9816! computer was used Guring the initial cruise, and Gata were stored 
on haré disk and 3-1/2 inch disks using om HP-9121D Gusl disk crive. are 
copies of the data were generated using an HP Think Jet printer and an HP-7470 
plotter. A scrematic of this configuration is presented in Figure 2.}-4« 
During the secend cruise an HP-85A computer was used and the Gata stored on 
SCOTCH data cartridges using the built-in cartridge crive. Back-up date 
logging capebilities were on « TEAC audic recorder and « TECHTRAN digital 
cassette recorder. Hard copies of the Gata were generated using the built-in 
thermal printer. <A schematic of this configuration is presented in Figure 
2.3-4d. 


A BathySystems SA-810 digitizer and « Sippican MK-9 digital XBT systen were 
weed for XBT data scquisition. Each was controlled by on HP-858 computer and 
was equipped with an LN-3A hand-held leuncher and 100 feet of cable Date 
were stored on SCOTCH data cartridges. 


Currents were seasured using « Beil Brown Direct Reading Current Meter (DRCH) 
Guring the first cruise and an InterOcean §-4 current seter Guring the 
second. The DRCH data were processed through « Neil Brown CHDT Data Terminal 
and stored on an IBM compatible floppy disk using « COMPAQ computer. The 5-4 
Gata were stored internally in selid state semory and were later Gumped and 
stored on an APPLE compatible floppy disk. 


The SAIC Navigation and Data Acquisition System (NDAS) was used during the 
second cruise in conjunction with current seasurements. it included « 
Northstar 6000 Leran-C receiver, « plotter, 4 printer, appropriate software, « 
sini-computer and CRT, and twe disk drives. 


2.3.3.2 Sampling Procedures 


Once on station end after the vessel head come to «4 complete stop, the 
CTD/Resette fish was lowered far enough inte the water to keep it just belew 
the surface. Bottes depth was checked, tise and lecation recorded, data 
acquisition equipment activated and the cast begun Since no bottom depths 
less than 1808 were observed on either cruise, the fish was generally lowered 
te within 5-108 ef the bettes for depths between 180 and 15008. and te « 
saxious éGepth eof 15008 for 411 deeper bottom depths. The lowering speed on 
the shelf and in the thermocline was around )0e per ainute and was increased 


te speeds approaching 608 per ginute below the thermocline at the deeper 
stations. 


During the Gowneast, temperature and salinity were graphically dleplayed in 
rea. tise as « function of depth on the CRT screen and as « digital readout 
of temperature, conductivity and depth om the 1150 Data Terminal. Once near 
bettes, the CTD/Resette was stopped and held fer 5 sinutes at that level 
while the reversing thermometers equilibrated During this tlae the sample 
Gepths for the wupeast were selected. The wpeast was identical te the downcast 
encept that the fish was stepped at the selected depths, the Resette bottles 
tripped and shert CTD calibration soaks recorded 


The sample depths were selected based on the following general criteria 
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Figure 23-4 


Schematic of CTD system used during: (4) the first hydrographic cruise aboard the 8/V 
PELICAN (October 21-29, 1985) and (b) the second hydrographic cruise esboard the 6/0 


ALTAIR (January 22 through February 6, 1986). 


Al 


. Depths greater then 100s but less than 9008 (12 Gepths 
eexiows): 2, 30, 100, 150, 200, (250), 300, 400, 500, 


. Depths greeter than 9008 but less than 15008 (12 Gepths 
eexiows): 2. 30. 100, 150, 200, 300, 400, (300). 609, 
(700), 800. (900). 1000. 1200, and bettes. 


Occasionally, because of special situations er woususl structure, other 
Gepths were added and some were Geleted. 


After the near-surface bottle was tripped, the CTD fish was brought on beard 
and secured and the CTD sensors rinsed in fresh water. Tise and lecation were 
recoréeéd and water samples G¢rawn, beginning with disselved oxygen and 
chlerophyll. Separate near-surface Niskin bettle trips were made «et stations 
where chlerophyll samples were collected. <Aliquets ef these samples were 
filtered through 25-am Vhetean glass fiber {liters and stored in « freezer for 
later extraction on shore by the flweremetric sethed of Yentech and Menzel 
(1963' as described by Strickland and Parsons (1972). Oxygen samples were 
érewn after two rinses, and care was taken to eveld introducing sir bubbles 
inte the samples. Reagents were added, the grownd glass stopper repleced, and 
the bettle shaken and stored After 15 selowtes, when the precipitate hed 
settled, bettles were resheken and stored in «4 Gark laboratory where 
tempereture fluctuations ever the course of the day could be kept te « 
sinieus. During the first cruise these samples were analyzed by the sodified 
Vinkler sethed described by Strickland and Parsons (1972) and during the 
second cruise by the sicro-Vinkler sethed of the “hesapeake Bay Institute 

During beth cruises, samples were generally run 6-12 hours after collection. 
Salinity samples were drawn inte 250-81 linear-pelyethylene or borosilicate 
bettles with leskpreef caps and stored wotil analyzed by «4 Culldline 
conéuctive salineseter. WSutrient semples were drawn after twe rinses inte 
125-el polyethylene bettles during the first cruise and stored in « freeser 
fer subsequent leboretery enalysis by standard Alpkes Aute-analyzer methods 

During the second cruise these samples were never frezen but were frum at see 
shortly after collection, again weing on Alpkes Aute-analyrer Finally, the 
reversing thermometers were read after equilibration te ambient temperature. 


lamediately fellewing CTD casts, at selected stations during beth cruises and 
at depths of 10 or 208, current seasurements were sade by 4 current meter 
suspended frome a cable near the stern of the vessel. During the 15. te WO. 
simute seasuresent peried, the ship was allewed te drift and Leren-c 
navigational updates were collected continuously 


At KBT stations, T+? (760m) ZBT probes were typically deployed while the ship 


was under way at speeds of wp te 10 knots. However, 14 deployments were made 
Guting the second cruise coincident with CTD casts while the ship was on 
station 


2.3.4 AREY Surrey 
2.3.4.1 Iotreduction 


An eetial survey was gade between Neveaber 11 and 13, 1985 as « supplement te 
the weether-shertened 8/V PELICAN hydrographic survey meade from Octeder 21 


through 279. 1985 The twe types of air-depleyed expendable probes included 
AXBTs te measure temperature and AXChs te seasure temperature and current 


22 


Both type probes seasureé to Gepths approsching *60s Seven AIChs ant 7) 
AXBTs were deployed along four lines (Lines A-D) which intersected (at 45° 
angles) eppreximately ot the ed¢y center and extended outwaré evay from this 
point some 120-160 mewtical siles in esch direction (Figure 2.)-5). A fifth 
ané sherter section (Lime £) was flown sleng the outer northwestern edge of 
the edéy in the vicinity of « current seter sooring (Heooring FP) A station 


eummary ls presented im Table 2.)-5 


The sampling plan was Gesigned to establish « series of transects that would 
completely aap the eddy and cross each side appreaiaetely normal te the lecal 
frontal bewndary. It was anticipeted that the eddy was somewhat elliptical in 
shape with « aajer axis oriented ir « SNE to S5¥ direction. This was based on 
on interpretation eof data froe the previews hyéregrephic cruise and free 
recent lasgery previded by J Hawkins ef Neval Ocean Research and Deve lepaent 
Activity (WORDA) and F. Vukeovich. ‘Station spacing was 10 neutical siles along 
the outer 50-60 newtics) siles of each end of Lines A and 8. and id newtical 
siles toward wotil 20 newticsl siles free the grid center point (Stetion 90) 
A probe was alse Gri pped at this center point pesition. Aleng Sections € and 
dD. stetion specing wee 15 newticsl siles toward free beth ends wntil 20 
neutical siles free the grid center point. The twe stations om Line E were 30 
newtical alles epert. 


Four AXChs were dropped in the northeastern quadrant of Line ©. and three in 
the southwestern quedrent ef Line 3D One of the Line 3D probes failed 
completely. and temperature data from the remaining tia are suspect of 73 
AZBT probes dropped, 66 previded weeful data, for « data return of 908 


The plane, on-beerd equipment end personme| fer the AXBT drepse were previded 
by Aere Marine Surveys (AMS) Horizon Marine alee participeted, previding « 
technician and beck-up enslegue receréers on beard for data sequisition when 
ARCTs were Gepleyed. The AMS recorders were redundant in positioning (eerie) 
LOBAB-C), feceiving end recording capability, end were specifically 
configured for serial, expendable probe surveys 


2.3.4.2 Eleld Procedures 


Ueing the latest available imager) end ARGOS drifter bwey lecations free 
Drifters 335) and 3378, «# series of possible sampling schemes were evaluated 
and the final pattern selected (Figure 2. }-5) Prier te each dally flight, 
the pllet and twe on-beard operators were provided with the fellowing 


. Station identification mumbers 

. Latitude end longitude for each station 

. Type and frequency of the probe te be deployed at each station 

. Direction and distance between successive stations 

This information was used by the pilet te fly the prepesed rowte and by the 
on-beeré persemmel te aseure thet the correct prebes were Grepped at the 
selected lecations All flighte erigineted in Harlingen. Teses. sear 
Browneville Dete free each profile were sent free the water surface to the 
plene by redie link ever one of three evailable chammele (12. 4 of 16). all 
of which could be received and receréed siaul taneously The ebeervatione) 
information was contained in the sedulation ef the carrier frequency, and 
assigning « fedie chemmel te « given station depended on consideration of 
etetion specing, the ground speed of the plane, dletence free « prier etetion 
ang tise «required fer completion ef trenseiesion free previewsly and 
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7abie 2 3«5 stetien eummery fer the Ye eeria. eurvey fer the 


peried free Neweaber 1) 


subsequently released probes If pesition. tiaing end chanmel selection were 
net preper. preuimate data links could breseécast sigultaneousiy om the same 
chammel (i.e... “em top* of ome another). ruining dete froe beth profiles 
Prier te each flight. the dGaily station and probe frequency information was 
used by the ground support persemmel te losé and arrange probe canisters in 
on-board recks in the reverse order of Gepleyment. that is, last leaded equals 
first déGepleved Te seccommpodate lisited reédepleysents, an seéditiensl snail 
eterage reck contained several beck-up probes (generally one in each broadcast 
frequency ) Because of spece iisitetions and the channel sequencing 
necessary, the order of probe release could not be aitered once the flight 


began 
2.3.3 Qhlp.s: -Qepertumity (900P) Dats 
2.3.3.1 Jotre@uctics 


As pert of the fleléd seasurement progres, SAIC sought owt serchent and 
research vessels willing te éGepley KBTse while passing through the study ares 
Three euch weesels with irregular schedules and one iine with « feguiaer 
schedule were identified The 8/0 ALTAIR and the HO-2,. beth Mexican naval 
eceanegrephic research vessels. end the EXXON JAMESTOWN. an cf] industry 
tember. previded opportunistic oebservetions These Gata sete are summarized 
im Table 2.36 A @uch sere reguier schedule was aaintained by wessels 
operated by Coordinated Caribbean Tranepert (CCT), running between New Orleans 
amd the Yucetaen Straits These Gate are summarized in Table 2.)-7 and were 
previously Gecumented in the Year 4 repert (SAIC, 1987) 


2.3.5.2 Equipment 


Dete obtained from the 8/0 ALTAIR. the MO-2 and the CCT vessels were recorded 
on SOOTCH data cartridges by wsing « Sipplicen MK-9 KBT digitizer, an HP-858 
Sini-computer and an LN- 1A handheld leuncher The data frome the EXXON 
JAMESTOWN were digttized frome graph plete ebteined free « Sippican MK2A 
receréer with en LA-)A lewneher. All vweesels deployed T+’ (7608) probes 


2.3.3.3 QOOR Sections sod Data Products 


feaempiles of the erulee trecks free the 8/0 ALTAIR and the EXXON JAMESTOWN are 
presented in Figure 2.)-6. Detea from these and the CCT weasels were routinely 
precessed, generating ®998 and 27008 wertical section plete and « surface 
temperature pilet eleng each track Sempie data products are presented in 
Figure 2.)+7 


24 Gebellite imegery 


Sea surface temperatures (557s), a6 Geriwed free satellite leagery, hed an 
leperteant eperatione) rele ana contributed significentiy te the 
interpretation RTI previded valuable OCOES imagery Guring the plamming ef 
etulses and ether field operations RTl alee weed selected MEPT laages (five 
ot eppresiasate's one per senth) te help explain end understand conditions and 
preeesses eoocurring a6 the prigery eddy (faéé@y 8) leterected with the weetern 
wall of the Gulf SAIC preeessed historical AVHRR leagery and made additions) 
beages avaeliabie te the lnvestigeters te help wiewslize conditions in the Gulf 
basin et vetliows clear sky tlees threugheut the study 


Ship Dates Cruise ID 
ALTAIR 06/11/85 - 06/15/85 ALS501 
ALTAIR 10/18/85 - 10/21/85 ALS502 
ALTAIR 11/01/85 - 11/02/85 ALS503 
ALTAIR 02/13/86 - 02/14/86 AL8602 
ALTAIR 04/27/86 - 04/26/66 ALS603 
ALTAIR 05/01/86 - 05/06/86 ALS604 
ALTAIR 05/13/86 - 05/14/86 ALS605 
ALTAIR 07/15/86 - 07/17/86 ALB606 
ALTAIR 09/01/86 - 09/03/86 AL8607 
EXXON JAMESTOUN 05/02/86 - 05/04/66 £38601 
EXXON JAMESTOUN 05/06/86 - 05/07/86 EJ 8602 
HO-2 08/17/86 - 08/21/86 H28601 


Table 2.3-6. MMS Ship of Opportunity data sets in the western Gulf of 


Mexico from June 1. 19865 through September 30, 1986. 


Section Ship Dates No. Trips 
eT NESTOR | 2/05/85 - 5/10/65 @ 
I STENA HISPANIA 5/16/65 - 6718/85 a 
I AMBAS SADOR 9/05/85 - 9/27/86 35 


* MMS section from New Orleans to the Yucatan Straits 


Table 2.3-7. MMS Ship of Opportunity section in the eastern Gulf of 
Mexico from January 25, 1985 through September 30, 1986 
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Figure 2.3-+6 Examples of cruise tracks for typical MMS Ship of Oppertunity 
Gata sete obtained in the western Gulf 
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Figure 2.3-+7 Enamples of data products generated for each SOOF cruise: (a) 
surface peremeters, and (6) vertices) temperature 


BEST COPY AVAILABLE 


Im the Gulf. herizental gradients of SST are sufficient to help cefine 
features amé associated boundaries Guring the cooler senths Hence. imagery 
wes gost useful free epprerestely Beovenber 1985 through May 1986. DOuring the 
eummer sonths. surface waters hewe been warmed such that seamingful gredients 
coulé mot be readily Getected 


Procedures ané sethods used by ETI to evaluate the satellite thermal lLaagery 
were Geecribed in Getall in the Years 1 and 2 programs repert fer sere 
infermstion on this topic the reader is referred to Chapter II (Section 2.3) 
of thet repert (SAIC. 1986) 


2.5 Subeurlece Currents 
2.3.1 [otre@ustios 


Measuresents of peremeters such «8 current, tempersture. pressure and 
conductivity ere valuable inputs inte the success of « field progres. These 
Gata, slong with hyéregraphic date. allew fundapental insights inte 
circulation petterns end processes in the region being studied im this 
case. the experimental design inmvelwed plecing current seters at specific 
weter Gepths in en array of tawtiine seorings which emphasized the outer 
slepe The purpese was te previde appropriate Gocumentation ef the 
}-digensionsal cireuletion associated with « Leep Current eddy as it 
interected with the shelf-slepe region 


2.5.2 Seering Lecations 


Current seter Gata were collected from five seorings (7. 9. BR. 5 and T) im the 
western Gulf of Mexice sleng twe lines, one extending appreniaately saleng the 
20008 isebeth, oriented MNE te S5V (Moorings Ff. &. and T), and the other 
extending perpendicular effshere te the SE (Moorings 7. QO, and BR) from the 
nerthern end of the first line. The nerthermeest seoring (Mooring fF) was 
commen te beth lines end leceted near 26°00'R, 95°O7"Y (Figure 2.51) The 
actual lecation ef each seering end the nosinal instrument depths are 
presented in Table 2?.5-1 


The general position ef seerings end inetruments was decided after « twe- 
layer godel was weed te evaluate the length scale of possible rediated by- 
pregucts resulting frem en eddy interacting with the western slepe. While 
net @ precise approach, it previded an objective sethed of estimating possible 
wavelengths. In eddition, the gedel results suggested that the decay process 
occurred sere rapidly in the deeper layers se thet current setters should be 
concentrated in the upper layers where organized flew patterns would persist 
Lenger. The decision te plece the goorings in 20008 and deeper water was made 
because sodel results end lisited observations indicated that the eddy flew 
field extended te considerable depth, and thus the interaction process begen 
meer the bese of the slope 


The gemerel geographic «rea for Gepleyment was Getermined after several 
independent evaluations ef eddy trajectories This wee teapered by « concern 
fer conditions in the nerthwestern end nerthern pertion ef the Gulf 


Placement of seerings south of 26°H was possible with the cooperation and 
assistance eof the Mexican Nevy 
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Figure 2.5+) Ane 
mortne Lecetions im the weetern Gulf of Menice for Year ) of 
speneered OCulf eof Menice Physical Oceanegraephy Pregres 


Lecetion Beosinal Instrument 


Mooring Latitude Long i tude Depth (a) Depths (a) 
r 26°00. .8°s 93°07 .3°V 2005 ©. 230. 973. 490 
q 23°32.3°S “4°52 .8°9 3007 73, 273, 98S, 49s 
z 25°29 .3°S “°O9 6°¥ 3305 180, 380, 1060 
1330, 2975 
$ 25°24.7°S 95°31.8° 1300 73, 273, 980 
T 24°33.2°h 96°07 i°v 2200 70, 270, 980 


Table 2.51. Meoring Lecations and nosinal instrument depths in the 
western Gulf fer Year } of the MMS-epensered OCulf of 
Mexice Physical Oceanography Pregras 


2.5.3 Goering Desiso 


Mooring Gesign invelved « process of successive iteretions The first step 
comsistedé of defining representative vertical current prefiles likely te 
prevail et the Gepleyment sites This task required « review of existing 
litereture relevent te the area of interest and of Gata sets collected in 
é@ynamically sisiler emvirrements. Since ne known Gata sete were identified 
fer the epecific seerirg eres, Gata froe «2 qumber of dynamically sisiler 
envirermments were weet a6 input te the seering Gesign computer progres 
Gescribed below and cor the definition of the static configuration of each 
seoring. The second step in the Gesign consleted of Gefining « theoretical 
physical seoring configuration which, based on the experience of the design 
teas, would be suitable fer the environment in which it would be leunched. In 
the third step, the edequacy of the sooring Gesign Gefined in step twe was 
checked by rumming the SAIC Static Busy Analysis Pregras. This progres is « 
finite elesent. stepwise linear integration, seering sigulation pregras thet 
incorporates calibrated frictional and forms drag coefficients Outputs of 
this pregres include cable tensions, hberizental and vertical sigration of the 
mooring. encher weight requirements and tilt ef the seering in response to 
current flew. If seme criterion (¢.¢., saxigus allowable inclination) was 
vieleted, the seering configuration was sedified (step twe) and step three 
repesteé wetil the finsl cenfiguretion was euch thet the criterise on 
inetrument inclinetion, reserve bueyency and tensile leeds were a1] set for 
the input current prefiles selected in step one. The fellewing seéditional 
Gesign criterte were alee wet: 


(1) The inelinetion engle of each current seter sooring 
segeent wes net te exceed 25° from the vertical. 


(2) All (netrwmente were csheckled to glese or steel 
fletetion sufficient te raise the instruments and 
eesociated har@ware in the event of « seoring fallure at 
any lecetion aleng the seering line. 


(3) Ineofer as poesible, galvanized steel was weed for the 
Booting components Veere thie wee et possible, 
Giesialler meterials were leolated from ene another 


(4) Paired, scowetically setuated release devices were used 
te ettech/detech the encher te/free the seering te 
ieplesent reecevery of the inetruments 


2.5.4 Asm@eres Current Meters 


Aendetee current setere were weed These inetruments ere self-contained 
recording current seters which receré date on reel-te-reel magnetic tape 
Dete are recorded a¢ 10-bit binary words in serial fore Siw chaemmelse ere 
evellable for the inetrument 1D. tespereture, conductivity, pressure, current 
direction end current speed Speed is seasured by «@ reter with « magnetic 
coupling threugh the inetrument case and an electronic counter thet eums the 
counts at the selected sampling rete. Direction le seasured with « wane using 
# Gagretic compass with « needle clamped on « petentioneter ring. The wnit is 
powered by « Y-velt battery and has sufficient capecity fer 10,000 samplings. 
where « sampling consiete of « single recording of date free all six channels 
The inetrument is atteched in-line through its twe vertical spindles and is 
gisbel-aounted te permit up te « 25° seoring tlie witheut Gegrading the 


33 


current spees seasurlepent It can measure speeds of up to 250 ca sec’ and 
for perieds wp te 6 sonths at « JO-minute sampling rete. or 1 year st an 


hourly sampling rete. 


These instruments were Gepleyed at 211 lewels on the five soorings RCM -4s 
were Gepleyed in the upper 10008 and EOH-Se at Geeper Gepths All were 
equipped te seasure tempersture, and the upper instrument om Gest Soorings was 
equipped te seasure pressure. Conductivity was alee seasured at 1 to ) levels 
on each sooring in the upper 10008 of the water colum 


2.5.5 Deplevpent Period and Dates Beturp 


All seoring werk was conducted by SAIC from the 8/0 ALTAIR of the Mexican 
Reavy In Jume 1965 five seorings (7. GO, B, & and T) were Gepleyed in depths 
ef 2000. 3000. 3300. 1500 end 22008, respectiveiy Four senths later. in 
OCeteber, these soorings were rotated At thie tlee the wpper instrument and 
fletetion were found sissing free Aeorings F. Q ant T Considerable 
evidence suggests fishing ectivity Gamaged the soorings in addition, reters 
were elesing end there wes Gamage to the second inmetrument down (275a) of 
Meorings GQ end &. The reter was lest on the Mooring Q instrument. epperentiy 
et the tiee the seoring parted, and on the Mooring 5 inetrupent 72 senths inte 
the deployment period Despite these prebless, «ail three of the lest 
inetrupents were later recevered by fishing end of) interests end returned, 
resulting in @ 908 date return fer the initial deployment period 


Fimel seering recovery wes 6-1/2 sonthe leter in May 1986. At thet tiee the 
upper instrument end fletetion on each of Moorings 5 and T were elesing, a6 
were the upper twe instruments end fletetion on Booring FP and the upper four 
inetrupents end fletetion on Mooring & (down te 1545e) Of the recevered 
inetrupents. one hed fleeded and « second hed full tape traenepert, but ne date 
could be found on the tape. Bone of the slesing inetruments has since been 
recevered 


A tlee line of the Gepleyment periods end data return for each current setter 
lewel le presented in Figure 2.5-2 Table 2.5-2 eummertoes the percent dete 
return fer each of these levels by parameter (current, teapereture, pressure 
and conductivity when eppliicebie) The everall dete return fer the twe 
éepleyeents wee 63%. prigerily @ue te the umber of inetrument losses 
epperentiy caused by offshore fishing 


2.6 OQelesences for Ooepter 1) 


Kirwen, A.D... Je., 2.0. Vewle, A.V. tndeet, F. Relmeremen end I Gulntere 
1967 Gbeerved and siguleted kinematic properties ef Leep Current rings 
+. Geophys. Bee. (in press) 


lewis, 1.5. am@ A.D. Eirwen, Jt. 1987. Genesis of @ Gulf of Menlce ring os 
Getereined from binemetic enelyeee. J. Geophys. Bee (ie presse) 


Selenee Appilleetione internetionel Cerperet ion 1 o8e Culf ef Mesiece 
prysiecel eceanegrephy pregras. finel repert. years | and 2. Volume Ii 


teehmicel repert mS Contract Be 14-12-0001-29158. SAIC Reppert Me 
SAIC. 66/102) 178 pp 
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Figure 2 5-2 Time line of the Gepleyment periods end dete return fer each 


ewrrent seter level fer inetrumente depleved in the westerns 
veif ef Mesice Physica, Oceanography Pregras The @0lid Lines 
are fer currents ané the dashed lines are for teapereture 
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10/21/85 - 


10/21/85 
03/03/86 


imetrusent found érifting with fletetion 

Reter sissing when recevered 

Inetrument found on beech with fletetion 

Dete collected et aeppreniaetely 750 setere Gepth after firet 4 of 


receré as fletetion wee leet; speed © &.. Girection bed as 
inetrument hanging upside down 


Table 2.5+2 


dete return fer — in the weetern Gulf fer the 
5 threwgh Mey 5, 1906 


perted free jue ii, i 


Sciemce Applications internstionsl Cerpersetion ise? Culf ef Menice 
prysical cceaemegraphy progres. final repert veer « Velume ti 
techmical repert “5 Cemtrect Be. 14-12-O0001-79138. SAIC Report Be 
Saic-67/1027 6 


Strickhiené. 1.3.8. ant TE. Parsons 1972 A prectical handbook of seawster 
ameiyelts. Fisheries Beeeerch Board of Canadas. Ot tewe 119 


Yeatech. ©. emt 0.9. Renzo) ie) A @ethed fer the dGeteruination eof 
phrytepiermten. chicrephyll. and pheeephytin by fluerescene Seep bee 
hes 0: 224-23) 


iit. GATA AMALTSIS 


3.1 latreductics 


Guepter [fl Gescribes the werious aenslyses used te present and/or identify 
physically seaningful precesses of coméitions The different Gate discussed 
in Chepter Il ere handled? in substantially different ways, therefore this 
chapter is eubdivided scoording to Geta type. As im Chapter fi, if « therough 
éiecussion of « Gata analysis procedure is evallabie in priet program reperts, 
it te met repreduced in this éeowunent Ae appropriate, it aay be Geecribed by 
referemee te these priert reperte of by reference with « brief summery 
éiscuse ion These enslyece thet are sccepted a6 freutine within the physics! 
oceanographic community ere met éeseribed in detail 


by sepaereting diecussion ef the Geteile of amsiysis sethedelegies from « 
discussion eof the physically seeningful reeults. precess characterization in 
Chapter [TV ineludes only thet seterial etrictiy relevant te understanding 
better the <ireuletion in the study ares 


32 Drifting Buers 
32.1 iotre@uction 


Drifter trajectories were enelyted extensively Simee seny of the ensiyeis 
setheds heave been described in comsiderabie detail in prier pregras repertes. 
the reeder is directed te these reports fer thet presentation Some 
eéditionsel amelyees schemes were Geveleoped fer the present repert in 
pertiouler. the oumericel echeme which wees time hleteriese eof drifter 
trajectories te estimate ensembles of the surface current fleld is eummerioed 
im Seetion 3.2.3 belew 


3.2.2 Elmemetic Patemetets and Procedures 

The preeedure for calculating the kinematic perameters for an eddy is based on 
on emsiyeis of the curvature of « drifter trajectory section in the eddy it 
le eeeumed thet the Himemetiosn of the eddy are essentially cemetent fer « 
given section of the trajectory. Any wverletions in the drifter welecity are 
thes @ fesult ef the Grifter encountering spetial werletions in the flew 


field Pree this, ome gay caleulete the fellewing for thet section of the 
tra)ectery 


(v, ¥) + Qreneletion welecity ef the eddy center. 
(kh, ¥) + Ghetenee te the center of the eddy, 


(e, ~) + ewiel weleeity of the wetter around the center of 
the eddy, 


f + werticity (releted te enguler velocity), 


D+ @ivergence (rete of change of area). 


‘8 


S - merwesel) Gefermsation rete (shape change Gue to forces 
acting mores) te the sides of the eGéy). and 


5 - shear Geforustion rete (shape change Gue to forces 
acting perallel te the sides of the ecéy) 


The iepertence of the sbheve parameters is considerabic free divergence, 
ewirl welecitios end dletence te the ed@y conter. changes in the sire of the 
upper levers of the ed@y as well a6 the rete of these changes can be studies 
This infermetion prevides walusble clues as te interections of the eddy with 


tepegraphy and other eceanegraphic features 


Verticity end divergence are critical @ynamic perameters Pree theee and the 
pesition ef the ed@y, one aay consider petential werticity belence Poetentia) 
vorticity ts « ferme ef retaetions) belence. ensiogous te the chenge in the rate 
of epin of tee shaters as they pull theif ares cleser te their bodies. in the 
case of LS eGéies. the spin rete is given by the werticity (f) pilus « 
perameter Gependent on latitude The divergence (3D) gives the information 
pertaining te eddy width Am eGdy thet is becowing wider will typiceliy begin 
te spin slewer 


Fimelly, the nermel end sheer deformation rates (8 and &) previde information 
om eortentetion end eccentricity Large Gulf eddies are net siwaerye cireuler 
ond often can be quite elliptical Velwes of © an@ & can be sathemetically 
Senipiieted te give the length of the sajer end einer anise of an eilipee 
fitting the peth of the drifter. The epetial orientation of the ellipse can 
siee be Getereined free 8 and 5 AGGitional Getelils on the kinematic 
petemeters and the emelvele setheds can be found im Flirwan ef a). (1 984e) 
1984b, 1987) 


3.2.3 Eko Field Estioaticn 


Te dGevelep the welecity fleld aseeciated with the eddy thet was located in 
the western Gulf, Gally- everaged positions from the MS Drifters 335) and 1378 
end free the effshere indwetry Drifter 5492 were integrated between Deceuber 
198) en@ Jamwary 1986 These deta were used te obtain 24-hour displacements 
ama daily -everaged veiocity veeteore The welecities were carefully sereened 
te regeve the effects eof changes coeurring in the ed@@y within the 2. senth 
peried <A grevitationse| weighted interpelaetion scheme was used te interpolate 
velecity cogpenente te each one-half degree latitude by one-half degree 
Lengitude using the sereened velecity field Amaivyees of whit veeters 
Gepicting the flew field direction neat the surface and of contours of 
constant speed were developed using standard anelyeis rowt ines 


The velecity coapenents previded on the eme-half degree latitude by one-half 
Gegree longitude grid were used te calculate the near-surface distribution of 
the vertices, component ef the relative werticity (.) end of the herieontal 
component ef the divergence (3D) The werticity end divergence were calculated 
using the fellewing expressions 


”y 


Theee formulas were expreseed im « finite difference form, thet is 


wie lp) * wie Lp wi.) * 1) + oti} 1) 
“oe aaa aby 


D wii. i+ ai- Lp wii) © 1) + wi) - 1) 
‘i. pe xT . Tay 


where i enm@ | refer te the west-esest end sowth- north grid lecetions 
reepectiveiy, Je te the evwerage distance in setere for «4 one-half degree 
bemgitude inerempent in the western Gulf and Ay is the average distance in 
seters fer « ome-helf degree iatitude increment in the western Oulf 
Pesitive walwes of werticity reflect cyeleniec werticity, end negative values, 
enticyelenic werticity Pesitive walwes of D reflect divergence and negative 


velues comvergence Values of (() amd 3D were caleuleted at each i. | 
betetion peesibie on the grid end were then contoured 
3.3 Surrer Dats 


3.3.3 Co mpd EBT Date Calibration 


Salinity (ceaelewleted free conductivity), temperature and depth data recorded 
by the CTD esyetes, Geseribed im Section 2.3.3.1 (pp. 13), were calibrated 
ageinet deta from the Reeette bettie caste The KBT data were adjusted 
fellewing comparison wit! calibrated CTD date free coincident or sdjaecent 
stations eceuplied Guring the cruises, amd cellbretions were performed for 
Sieseived oxygen. sutrients end chierephyll es pert of the etandard analytical 
precedgures cited im Seetion 2.3.3.2 (pg. 13) 


The CTD selimity calibration date were obtained free the wpeasst bottle and CTD 
sempiings if @ised layers. weuslly et the bettes, after the downeast The 
seiinities were run by the technics) staffe at O14 Deminion University and 
Teses ASM University on Gulldline conductive selineseters Temperature 
calibration date were obtained by comparing the CTD and the reversing 
theteeseter feedings free sised layers, again weuslly et of near the bettee of 
the caet The depth sensor was cocasionally cheeked ageinet wire out and 
where apprepriete, compered te the thermemetric depth calewlated free the 
umpretected end protected reversing thersemseter readings These comparisons 
revesie®? thet me effeetse of edjusteents were required im the CTD salinity 
teepereture ef Gepth date fer the initial erulee seheard the 8/V PEL! 

becouse the differences were found te be within the range eof the ecourecy of 


the instruments used for the calibration check. For the second cruise sboare 
the 5/0 ALTAIR. however, « significant offset was Getectec in the temperature 
and calculated salinities. Subsequently, « post-cruise calibration check at 
the Northwest Regional Calibration Center rewesled that the CTD temperature 
sensor was reading low by ©.069°C, that conductivity was reading high by 
0.008 sillimcles ca™* and that pressure was within specifications. These 
calibration offsets which were consistent with the pricer calibration were 
applied to the data in processing. 


The XBT data from the two cruises were calibrated against CTD casts. Date 
from the January 1986 5/0 ALTAIR cruise were calibrated by fitting to 
calibrated CTD data free 11 coincidental stations. This resulted in a depth 
adjustment of -4.28 in the data to compensate for the fact that the XBT 
isotheras were shallow by this smownt. A sisilar correction (-4.5%) wes 
applied te the XBT data from the October 1985 8/V PELICAN cruise because the 
isotherms from these XETs were also significantly shallewer then these 
observed in the adjacent calibrated CTD casts. Because coincidental CTD and 
XBT casts were not aade during the October cruise, « comparison of 14 STs 
with the sean of the edjecent CTD casts on either side was wade. Thic gave 
results similar to those observed during the Jasnuary cruise. Scatter plets of 
the CTD sinus XBT depth difference (for the compared isotherms) versus XET 
isothers depth for both cruises are presented in Figure } 3-1 


3.3.2 Eatimation of Dynamic Heights from EST Dats 


The mature of the study of western Gulf eddies required rapid hydrographic 
surveys and the use of ships eof oppertunity. This necessarily restricted 
many of the surveys to gapping the temperature fleld using XBTs. it is 

, however, to obtain sone seasure of the density fleld se that 
Gynamical quantities such as dynamic height can be calculated to give « 
picture of the geostrophic flow field. Belew about 150 te 2008 the 
temperature and salinity characteristics are remarkably consistent fer Gulf 
waters. Two eof the western Gulf hydrographic surveys, the 8/V PELICAN PH-85- 
O2 amd B/O ALTAIR AL-86-01 cruises, included CTD stations. The R/V PELICAN 
survey (October 21 throwgh 24, 1985) has « particularly useful, well-reselved 
CTD transect to depths of 10008 through the center of the aajor eddy which is 
the prisary focus of this study (Figure 2.3-1, p. 14). The T-S diagram fer 
the R/V PELICAN transect shows that for temperatures colder than 18°C there is 
@ tight relation with little scatter. Between 18°C and 25°C the T-S curve has 
essentially two branches: the high salinity branch (536.4 ppt) le associated 
with the subtropical underwater (SUV) core at about 100 te 1508 depth in the 
center portion of the eddy, and the lower salinity branch (~36.0 ppt). which 
has gore scatter, comes from water shallower than sbowt 1508 on the eddy edges 
(Figure }.3-2). 


The approach used te construct 4 synthetic salinity field from KBT casts is 
te use « reference CTD 150 to 650m station from the eddy center (Station 39 
from PN-85-02), since water warmer than 17°C is found below 1508 in the center 
of a ware eddy but is weusally confined to depths shallower than 1508 in 
cyclonic features and the outer parts of sajer eddies. Thus, for these latter 
stations the salinities are found from the lewer half of the T-S curwe, and 
the lower salinity branch is effectively excluded free the caleulations In 
the warmer eddy center the high salinity branch (22°C te 15°C, 146.0 te 4.7 
ppt) is utilized sutematically by using the reference station from the eddy 


| 


——— 


OCTOBER 1985 CTD-XBT COMPARISON 
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Figure ).3+1 


Date plete and regression fite of CTD einws KET depth differ 
rences for the same leotherme wereus T-? KET leothers depths 
for the October 1985 and January 1986 crulees 
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Figure 3.3.2 
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water mass comteining SUV This aethed aey net work as well if the SUV gases 
is eroded by aizing. However. this ¢ié not ocowr im this set of surveys as 
comparison with the T-S curwe free the 8/0 ALTAIR AL- 86-01 cruise. ) sonthe 
later, shows (Figure }.3-3). There the high salinity branch between 22°C and 
S°C ts prectically identical to the B/V PELICAN T-S curve ewer the same 
tempereture range (Figure ).)-4) 


The precedure for each teapereture value free an EBT cast between the depths 
eof 150 end 6508 (63508 is the deepest compen Gepth of the EET cast) is te 
search the reference cast free the bettee uw fer the same teupereture value 
ené then use the correspending salinity velwe interpelseted between 
obeervations a8 necessary The precedure was checked by caiculasting éynapic 
heights frome the CTD stetions fer the B/V PELICAN cruise, using the actual 
observations ené using synthetic salinities (temperstures free the CTD) 
derived from the reference station. The dynamic heights and the difference 
between the true end synthetic dynamic heights are given in Figure 3.3-5. The 
eexious esbeclute error is 1.8 @ymemic ce. A eleller check wee performed for 
the 8/0 ALTAIR AL-66-01 CTD stations with equally setisfectery results 


34 Sabellite leagery 


Detalles of the precessing ené ansiyels of satellite Gate are identical te 
these reperted in the Years 1 and 2 repert (SAIC, 1986) Reference should be 
made to Section 3.3 of thie earlier repert fer « detalled discussion ef reai- 
time processing, pest-precessing and the ectual analysis ef these data 


Subsurface currents/tempereture tise series were analyzed using techniques 
which have been Gescribed in Getail in previews finel reperts in the sequence 
of MMS Culf Physical Oceanography Progress The sethedelegies are aii 
coupletely verified end gest are standard within the physical ceceancgraphic 
( C@munity All flelé Gete taken «6 pert ef thie pregrem heve been 
inmoerperated inte the pregrem deta base aaintained by SAIC All anmelysis and 
grephice rewtines weed for the time series analysts, tiae and frequency domain 
ere coupled te the database te help eseure secourecy and veracity ef the 
precedures A Getalled é@lecwssion of the tise series analysis precedures is 


contained im Chapter Til ef the Final Repert fer Pregram Years 1 and 2. (See 
References for further information) 


3.6 Selerences for Chapter ili 


Kirwan, A.D.. Je., VU.2. Merwvell, Jt., 3.8. Lewle on@ £.E. Whitaker 1 9B4e 
Lagrangian observations ef an anticyclonic ring in the western Gulf of 
Mesice. J. Geophys. Bes. 89(C3): 417-3426 


Kirwen, AD... Je.. W.2. Merrell, Je., 32.8. ULewhe, €8.8. Woleeker and 8 
Legeckis 1 984d A wodel for the enslysis of drifter date with an 


pplication te « ware core ring in the Gulf of Meatee. J. Geophys. Res 
89(C)): 25+ 


Firwen, A.D... Je., 2.8. Lewis, A.W. Ingest, PF. Relmeremen end I. Guintere 
1987. Gbeerved and simulated kinematic properties of Leep Current rings 
i. Geophys. Bee (in presse) 
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Figure } 3-5 Plet ef the dynamic heights end the difference between true and 
synthetic dynamic heights derived free KET data fer 150-650 
Gecibare for the 8/V PELICAN crwlee in Ceoteber 198) 


Sclemece Applicetions liatermetions! Corperetion bee Cuif ef MSesice 
peyeica, cceetegrapty pregras. finsel repert. years 1 and 7 velume I! 
L2-OO01-79138. SAIC Report Me 


tectmica. frepert 5 Cemptrect We oe-ia ; 
Salic - 66/102) t ww 


Current (15) e@@y (Baty 5) te presented in this chapter The 
imeide the eG@y and the conditions effecting t 1 oe 


Section +2 CGemereal Chremelegy 
Seetion 4 ) bééy Seperation and initial Revesent 


Section 4 4 bééy-Slepe interaction end Cyclone 
intensificetion im the Vestern Ouif 


Seetion «& 5 Reflection end Diesipetion 


Seetion 4 6 baé@y Eady interaction 


thet ether features end organized cireuletion petterne hed « direct 

meg egy Birmmnpnecngpacrafir ncagreedber rg Understanding the rele ef 
theee other features wee fet slweye peesible becouse Chey were fet ae wel 
documented as the prigery feature Hemee, it Le Heeeseery te extend sone of 
the thinking te eveluste whet these “envirenmentel* influences aay heve been 
it te alee necessary te fremeaber thet thie lotermediate end far fleld becomes 
the ercellent documentation ef the changes and 
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The Gate set Geeeribed in Chapter il permite the geet Getalled enalyelse vet of 
Leop Current eddies end their reletion te the sesescele wariebility ef the 
western Gulf. The field experieent begen in June 1985 with the depleyuent of 
current setet seorings Vith some degree of serendipity. « lerge, were-core, 
enticyelenic (cleekwiee) reteting eddy (fddy 8) seperated free the Leep 
Current im early July 198). It wee continuously ebeerved by one of sore of 
the techniques previeusly deseribed wotil it fimelly ceslesced with « newer 
(i.e., Gere feeentiy shed) Leep Current eddy (Eady C) The geel ef this 
repert is te deseribe the setion and evelution of Sfady 5 The origin end 
evelution ef associated, cold-core, cyelenie (counterclockwise) reteting 
features ere an integral pert ef the description 


Thie section prewides « general ewerview of the sequence of ewente thet 
ecourred Guring the study. The four principal phases in the life of tady 8 
ere identified, end other obeerwed sesescale features are identified end 


di seussed A wore Getalled ensiysie of each phase in the life of Eady & 
begine with Seetion 4 } 
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The ebeerwed Gepth of the §°C temperature surface Guring each of the aajer 
tern of geestrophic flew ant the evelwtion of the 
’ Regieoms where the tespereture surface ie Geep 
lenic (cleckwiee) citeuletion, ent theee regions where 
the teapereture surface is shallow correspond te cyclonic (countere loctwise) 
eirouletion. Previews studies of the Gulf gemeraliy heve woot wereer (i.¢., 
shallower) surfaces for this purpose bet surfaces wereer then about 14°C io 
the weeters Gulf are frequentiy reletiwely flet is cyclonic e@éies ant se Ge 
net elwere Geplct theee features well Reowlin’s (1972) Seetiesn D ef the 
wertics) tespereture etrwetere free the HIDALGO 62-8) Gate set clearly 
iileetretes thie feet feee i-dey. seen current weeters free the seered 
current seters and trajectories of satellite trecked Grifters are pletted on 
the espe of the §°C eurfeces te previde «4 quslitetive comperiees with the 
tapiieé bereclinice flew between the tlees of the survervre. dart fter 


The firet phase in the evolution of Eady 8 begen with seperation free the 
ie early July 198) end covers ite initial weetweré Gevenent sereee the Geep 
Culf threugh October The inmitiel seperetion pettern is disewssed in the 
Pinel Bepert fer Pregram Year * (SATC. 1987). ARGOS Drifter 1378 wae placed 
in B4@y 8 om July 8 Figure 42-1 shews the trajectory ef Drifter 1378 te 
Septeaber if end the positions ef the five current seter seerings deployed in 
a) Te Center OF he caly Goves Giaset Cus west Curing Mike peries, 6 
Chqtanse of cout BS ie 100 mnewtios) elles). of showt 4.6 ta @ 

- equsle 1.16 co eee”* The élemeters of the orbite of the @rifter were 
reughiy 130 te during the firet helf of Septesber when they were reletively 
eivreeler. Thie welue Geese net, however, indicate the siee of the 

fetiel position ef the Grifter seves in and out becouse of 
Givergence in the surfece lever. Figure 42:2 shows the tre 
3378 Guring the eenth of Geteber 1985 The orb 

hell (he @lameter of the earlier ones The net rete of treneletion wee shout 
1? = @°* te the seutiweet, bet sinee the eddy 

the firet ) weeks of Geteber, the rete was faster Guring the letter portion: 
ef thie interval 
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The burricene-shertened hy@regraphic survey by the 8/V PELICAN free October 2) 


through 79. 1983 (Seetien 2.3.2. p. 11), Cegether with the EST dete collected 
by the 8/0 ALTAIR While servicing the current seter geerings free Geteber 1? 
through 71. Gefined the etrweture of Baty 8 three sonthe after seperation 


free the Leep Cerrent. Figure 4.2) shows the depth of the §°C lLeothers besed 
om beth CTD en@ EST etetione end on the ssoumption of asiel eymmetry in 
regione with ne dete (deehed | ines) (Rete: the beld letters © and L signify 
deep end shallow leotherme in aepe of the depth of an leethers) The eein 
treneeet, gede free Geteber 77 through 24. peesed ashewt 20 be eoet of the 
vaey's center as eetiaated free the trajectory of Drifter 1378 end the severe) 
eééitions) EST/CTD etetions shown in Figure 4 2:3. The heavy curwed line is 
‘“e treeh of Drifter 1378 free Geteber 272 threugh 77 The érifter’s setieos 

failtiy eiveuler Gering the tine of the aein transect and then soquired « 

ponent ef weetwerd translation Figure 4 2-4, @ Wertles) tempereture 
eeetion weing the CTD etetions of the eeim transect, ilieetretes the elee and 
syemetry of tady © The fediue of an e@@y con be defined tn several were 
Eiitett (197%) weed the position where the curweture of the 20°C Leothere 
changes sign. The curveture of the 20°C ieothers in Figure 4 2-4 Geese not 
change sign. bet fer deeper isotherms the change cceure meer Stations 6 and 
*, in@leeting « fediwe of ot least 180 te Elllett eetiaeted « feet seen 
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Figure 4+ 2+. Pertiel trajeetery fer Drifter 1378 ent the ietetions of the 
five current eeter aeoringe (7. Oo. &. 5 amt T) tach 8 
in@leetee @ ome Gey ioterwel 
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Figure 4.2-4 


Vertical temperature section te 


8900 based on B/V PELICAN CTD data 


square (rus) reélus of 18) ke for relatively new eGéles. Thus, Eddy 8B falis 
im the category of « typical Leep Current ecéy; by comperison, warm-core 
eééies shed by the Gulf Streams north of Cape Hatteras average about half the 
eres of Leop Current edéles (Auer, 1987) 


enticyclene (Eééy A) centered near 22.5°8, 06.0°U is indicated by Drifter 
S495. which hed earlier been entrained in it near 24°S, 93°C in early August 
1985. <A emell bet iotense cyclone ond «4 partially reselved anticyclonme are 
indicated to the west of Eééy & Tisir origin is unimewn, but they say be the 
source of « strong eGéy signal Getected at Mooring & in August 1985 (Section 

. The weeters im Figure 4.2-) indicate the dally sean velocity at « 

of 3008 ot current Moorings Q and T om October 26 and at Mooring & on 
7. (See Figure 4.2-1, p. Si, for the identifying labels 7. GQ. RB, S 


The second phase covers the tise of Eddy b's interaction with the western Gulf 
continental slepe. roughly free Sevesber 1985 through early February 1986 
After « peried of rapid translation in the letter part eof October, Eddy - 
became relatively stationery for euch of Boveaber (Figure 4.2-5). A synoptic 
survey of the edéy's temperseture structure was conducted frees Nevesber 11 
through 13, 1985 using AXBTs (Section 2.3.4, p. 22). The 68°C topography in 
Figure 4.2-6 reveals thet the core end auch of the southern and eastern 
pertions ef the eddy were still ever the 35008 deep, flat Sigsbee Plain and 
comtinued te exhibit considerable axial symmetry. However, the western and 
northern sides of the eddy were by this tise tapingi wg on the 20008 isebeth of 
the continental slope. Seweral small-scale cyclonic and anticyclonic features 
were located around the periphery of Eddy 5B. 


Te the nerthwest of the sain aenticyclene (Eddy 8) were several less well 
reselved features. in particular, doming leotherus aay represent the initia) 
stage of dGeveleopeent of « cyclone which is linked to the primary eddy and 
evolves and strengthens during subsequent stages of eddy-sleope interaction. 
This intensification ef the anticylone-cyclone pair (oppositely rotating 
vertices) has been observed in the past in the western Gulf (“errell and 
Morrison, 1.981; Brooks and Legeckis, 1982; Merrell and Vazquez, 198); Brooks, 
1984). Seme possible explanations are discussed in Section 4.4.5 (p. 182). 


During December 1985 and January 1986 the core of Eddy 8 goved te « position 
against the continental slope; its shape became quite elliptical, according te 
the trajectory dats of Drifter 31378 shown in Figure 4.2-7. <A detailed 
hy@rographic survey was conducted sbeard the 8/0 ALTAIR from January 2) 
through February 5, 1986, as described in Section 2.3.2 (p. 11). Figure 4.2-8 
shows the depth of the §°C temperature surface based on both .TD and KBT dace 
from this cruise. Although the survey was conducted from northeast to 
southwest, the superposed trajectory of Drifter 3378 indicates that Iddy 8 
moved little during the 2 weeks. Therefore, the two-te-one ratio of the major 
te giner axis is probably real. Mean current velecity on January 28 recorded 


at 300e depth on Moorings Q and T is consistent with the flow ‘aplied by the 
temperature distribution. 


The cyclone lecated due north of the Eddy B core appears to have intensified 
considerably Continuing cleckwise «around the periphery of tUddy 6&5, 
hyérographic Gata suggest that other less well resolved features aay have 
occurred. A lack of substantial documentation does not allow identification 
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Figure 4.2->. Trajectory of Drifter 3378 during the sonth of Neveaber 1°85 
Each K indicates « one-day interval 
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Date shown are in the seme format as Figure 4 2-3 
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Figure 4.2-7. Trajectory of Drifter 3378 @uring the soenths of December 1985 
and January 1966. Each K indicates «4 one-day interval 
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Figure 42-8 


Topography of the 6°C temperature surface based on CTD and XST 
Gata from the 8/0 ALTATI® survey. Data shown are in the sane 
format as Figure 4 2.) 
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er « better understanding of their relationship te the prisary enticyclene- 
cyclone pair. A major result of this study is the observed intensification of 
the cyclenic circulation to the northwest of Eddy 5 as it seved te « position 
ever the continental slope. These observations suggest that topographic 
interactions aay heve « basic rele in the oft-cobserved intensifying cyclonic 
partners of Leep Current eddies in the western Gulf, but the detalles of the 
processes of such « transfer of energy te the cyclone, and presumably free the 
anticyclone, sre mot yet understood. 


The third phase in the evelution of Eddy 3 ecourred frome February through May 
1986. Eddy B moved to the southeast, thet is, away from the topegrephy inte 
éeoper water, ané later returned to « position meat te the continental slepe 
about 1° of latitude south of its pesition in January. Figure 4.2-9 showing 
Drifter 3378's trajectory demonstrates this sevement éuring February and March 
1986. During April the sevement of Eddy 5 was not well observed because 
Drifter 3378 was apparently “ejected* from the core of the eddy (Figure 4.2- 
10). However, XBT data collected from April 27 te May 14 clearly lecated the 
position of Eddy 5 and its companion cyclone (Figure 4.2-11). The dlameters 
of the 5008 contour fer the cyclone and the 6508 contour for the anticyclone 
indicate that beth features had become susller in horizontal size since the 
late January seasurement (Figure 42-8). The maxiaus depth in the center of 
the anticycleone decreased from sore than 8008 to slightly ever 750s, 
suggesting « decrease in strength, but the ainiaus depth in the cyclone 
remained the same. More lapertantiy, the decrease in distance between the two 
centers from 155 ke to 120 km indicates sccelerated eastward flew in the 
region between thee indeed, current seter ot 100m on Mooring T recorded 
& ween velocity ef 40 cp sec’* on April 27. smother partially reselved 
cyclonic feature is alee seen te the northeast. The direction of sean current 
recorded on April 27 «et 3008 on Mooring Q is consistent with the flew taplied 
by the topography of the 6°C surface in this region. 


The final phase of Eddy 8 covers its interaction with « new enticyclene, Eddy 
C, which separated from the Leop Current in February 1986. Drifter 3379 was 
placed in Eddy © om March 7, 1986. Figure 4.2-12 shows its trajectory during 
March and April. Uniike Eddy 8, which followed a westerly path, Eddy C took « 
southwesterly path. Figure 4.2-1) shows Drifter 3379's trajectory during May 
and June 1986. During May the orbit became increasingly elongated in the 
east-west direction along 24°8, and in June the Grifter appeared to leave Eddy 
© te seke on orbit «around the last known position eof Eddy 8B at 23.75°N, 
95.5°V. During July end August (Figure 4.2-14), Drifter 3379 made large 
anticyclonic erbits on the order of 330 km in Glameter. The trajectory of 
Drifter 3379 from May through August suggests that Eddies B and C aay have 
coalesced. From August 16 through 22, 1986 an XBT survey was conducted aboard 
the HO-2 of the Mexisean Navy; Figure 4.2-15 shows the topography of the 8°C 
surface. The data partially resolve « large, elongated anticyclonic feature 
that is believed to be Eddy © joined with Eddy B. A cyclonic feature is alee 
indicated, but its relation to the earller-neoted structure is not clear 


4.3 Eddy Separation and Initial Movement 
6.3.1 jntreduction 


During 1985 and 1966, 4 warm core eddy (Eddy 8) shed by the Loop Current was 
observed as it gigrated towards the western Gulf of Mexice. This sevement was 
well documented by observations that included drifter data within and outside 
the eddy, sea surface temperature at weekly intervals, XBT surveys at various 
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Figure 4.2-9. Trajectory of Drifter 3378 during the sonths of February and 
March 1986. Each K indicates « one-day interval 
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Figure 42-12 
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Figure 4.2-14. Trajectory of Drifter 3379 during the sonths of July and 
August 19866. Each KX indicates a one-day interval 
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Topography of the 68°C temperature surface based on SOOP XST 


Gata collected by the HO-2 during the period from August 17- 
22, 1986 
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izes, ome aajor hydrographic cruise when the eddy was in the northwestern 
lf and currents from moorings over which the eddy passed. Tie drifter data 
were used to infer the sovement of the eddy center as well as the eccentricity 
and orientation of the gajor axes. Data from the drifters bridge the gaps 
between detailed surveys to the extent that a daily history of the position 
and shape of the eddy can be constructed. Synthesis of these diverse but 
complementary data sources provides a detailed description of how the eddy 
interacted with the bathymetry of the northern Gulf of Mexico as well as with 
previously and subsequently shed eddies. 


4.3.2 Separation of Eddy 8 
4.3.2.1 $52 and Path Dats 


This section discusses eddy-related processes just pricr to, during and 
directly after the breakoff of Eddy B. Cruise tracks for the period May 26 
through 31, 1985 are shown in Figure 4.3-la. The resulting XsT data are shown 
in Figures 4.3-lb through ¢. These data were collected before Eddy 8B was 
shed, and the edges of the Loop Currernc (saxisums horizontal temperature 
gradients indicated by the XBT data) are shown by arrows in Figure 4.3-la 
(smaller slopes of the isotherms were taken as an indication that the 
transects were crossing the Loop Current edge at an angle, and some of the 
edges were thus drawn at a 45° angle to the cruise track). It appears that 
the Loop Current was flowing northward on the east side of the Yucatan 
Straits, curved westward and around the region where Eddy 5B would be spawned, 
and then turned northeastward then southward before exiting the Gulf of 
Mexico. 


Drifter 3354 was deployed in the northward extension of the Loop Current 
during gwid-June 1985. The trajectory of this drifter from June 18 to 24, 
1985 is plotted on the corresponding SST chart in Figure 4.3-2. As indicated 
by the trajectory (and to some degree by the SST data), Eddy B had not 
separated from the Loop Current during this period. The return flow from the 
area of northward extension appears to be mostly southeastward, toward the 
northern coast of Cubs. 


Three XBT data sets were collected during June 26 through July 2, 1985 (Figure 
4.3-3a), and the vertical temperature profiles are shown in Figures 4.3-3b 
through ¢. The extent of Eddy B is distinct in Figures 4.3-3b and 4d, while 
the Loop Current can be seen to extend to 25.0°N in Figure 4.3-3c. These data 
would seem to imply that Eddy B is still comnected to the Loop Current. The 
SST data for June 29 through July 5, 1985, along with the associated 
trajectory of Drifter 3354, are shown in Figure 4.3-4. Some of the rotational 
characteristics within the Loop Current can be visualized from the path of the 
Grifter. The rotation near the Cuban coast continued into sid-July. 


During July 16 through 19, 1985, two XBT data sets were collected (Figures 
4.}-5a through ¢) which show dist‘nctly that Eddy B had separated from the 
Loop Current. The SST contours for the period are shown in Figure 4. 3-6. 
There is mo surface signature of Eddy 8, although its rotation is well 
Gelineated by the trajectory of Drifter 3378. As for the Loop Current, Figure 
4.3-6 shows that the rotational feature within it had reached the northern 
edge «f the Loop Current at about 25.0°N. 


Both the Loop Current and Eddy 8 drifters continued to rotate anticy- 
clonically through August 1985. An XBT data set collected fros August 16 
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Figure « )+1 a) Cewtee tracks for SOOP EBT data collected Guring May 26-31, 1985 The errews 


Genete the flew at the edges of the Leep Current besed on the vertical teapereture 
structure shown in temperature dete free three cruises (6) the £8 QUEENY erwise 
Mew 26-27. 1985. (Ce) Ghe STEMA HISPANIA erwiee, Sey 27-278. 1985 end (4) the STEM 
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Figure 4.3.2 SST data (°C) for June 18-24, 1985. The drifter trajectories, shown by arrows, are 


identified in Table 2.2-1. 
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Figure « }.) (e) Cruise treees fer SCOOP EBT date celieeted during June 26 through July 2. 1965 
The errews derete the flew et the edges of the Loop Current based on the vertical 
teapereture structure shown in teapereture dete frome three cruises (+) the STiia 


HISPANIA cruise, June 26-28. 1985. (ce) the STEMA HISPANIA erwice Jume 79-30. 1985 
ong (4) the £5. QUEEWY eruise, July 1-2. 1985 
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Figure 4.3-4 


SST data (°C) for June 29 through July 5, 1985. Shorter arrows denote the flow at 
the edges of the Loop Current while dotted lines indicate the lecations of Leop 
Current waters (based on XBT data). The drifter trajectories, ssown by arrows, are 
identified in Table 2.2-1, except for three extraneous drifters (alternating open end 


closed circles, alternating open and closed s 
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Figure & )-5 se) Crwiee trecke fer SOOF TET Gate collected Goering July 16-19. 1785 The errews 
Genete the flew ef the edges of he Leee Corrent ent e@@y beeed oF he vertices) 
te@peretere etruetere shower (© temperetere Gete free three «rei ees b) the O79 Sat 
OO} 6 erwiee, duly b6+19. 1983, (2) Ghee S/T SAT OO 6 epwhee. July 16-19, 1985 ane ia 
the STEMA HISPANIA erwiee July 16-17. 1985 
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Figure 4.}-6 SST date (°C) for July 16-23, 1985. GSherter errews denote the flew at the edges of 
the Leop Current or Eddy 8 while dotted lines indicete the lecetions of Leep Current 


like waetere (heeed on EBT data) The @rifter trajectories, shown by errews, ere 74 
identified in Table ?.?+1 


through 18. 1985 (Figure 4.3-7) indicates that the Leop Current hed extended 
morthwaré to 26.6°8. The SST asp for August 13, 1985 showed that Eddy 5 and 
the Loop Current were rotating at about the same latitude: 25.5°N (Figure 4.3- 
Sa). By wid-Septesber, the ses surface had cooled sufficiently in the eastern 
Gulf se that the northern extension of the Leop Current was readily defined 
(Figure 4.3-8b). The trajectories for this period show Eddy 3 strongly retat- 
img but Drifter 3354 leaving the rotational feature of the Loop Current along 
the eastern side of « 28°C tomgue of water. The following week's SST chart 
(Figure 4.}-8c) shows the 28°C tongue re:ching up te 27.5°S while Drifter 3354 
moved toward the Florida Straits along the northern coast of Cubs. Eddy 5 was 
still retating with « center est sbout 25.5°8, 92.0°V. 


%.3.2.2 Lemp Current ve. Eddy Einematics 


Drifters 3334 and 3378 were beth in the Gulf during Julien Days 199 through 
264 (July 18 through Septesber 21, 1985). However, the initial variations eof 
the kinematic parameters of Eddy 8B (Figures 4.3-9 through 4.)-10) indicate an 
eéjusteent peried fros Days 199 through 220 Guring which the drifter (with its 
2008 weighted line) *“found* an appropriate orbit within the ring. Thus, eddy 
and Leop Current kinematics are compared (Figures 4.}3-11 throwgh 4.3-12) free 
Dey 2275 te Day 264. At the beginning of this tise period, the Leop Current, 
as reflected by Drifter 3334, was reteting with « peried eof about 10.5 days 
while Eddy 8 hed « period of approximately €§.2 days. The orientations of the 
ellipses of retation (Figures 4.3-10e and 4.3-1276) were quite sinsiiar 
(generally east/weet), but the Leep Current was slightly mere elliptical (e = 
1.5) than Eddy B (fe = 1.25) 


The ewirl speeds and the redii eof revelution fer the drifters in beth 
enticyclones (80 ca sec’* for the evirl speeds and approximately 9O ke fer the 
regil relative te the eddy center) were quite siailer fer Daye 225 through 
264 interestingly. beth enticyclenes experienced longer periods of retation 
fer smaller dletances from the center of retation. 


*.3.2.) Kinematics Before and After an Eddy Detacheent 


The kinematics of the Leep Current at its sest northerly extension (Julian 
Days 230 throwgh 264) and of Eddy 8 soon after it broke free frome the Leep 
Current (Julien Deys 225 threugh 235) are briefly dlecussed below Feeping in 
sind thet these data represent twe different anticyclenic phenesens, the 
fellewing question arises: How typical are they ef Gulf eddies before and 
after break off free the Leep Current’ 


Simiierities between the twe sets of kinematics are considerable Firet, 
sagnitudes of the ewirl speeds and of the radii are prectically identical 
Second. their elliptical erlenmtations are beth nerthwest/southeast The Leep 
Current was slightly sere elliptical then Eddy 8, but one wight expect such « 
difference in ellipticity since oan anticyelone attached te the Leop Current is 
a “captured” phenegenen while «@ deteched eddy is ean isolated vortes The 
si@ilarities ef the enticyelenes plus their close periods of rotation suggest 
that some basic Kinematic characteristics of OCulf rings wight be estimated 


frome the Leep Current os it extends northwestward free the shere of Cubs 
(SAIC, 1987) 
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Figure 4.3-7. (a) Cruise track for SOOP X8T date 
1965. The arrow denotes the flow 


vertical temperature structure. 


collected by the STENWA HISPANIA August 16-18, 
‘= the edge of the Loop Current based on: (b) the 
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Figure 4.3}-8a-b. SST data (°C) for: (a) August 7-13, 1985 and (b) September 
10-17, 1985. The drifter trajectories, shown by arrows, are 


identified in Table 2.2-1 


YU /, 
/ Yyy 
Yas Wf; 
tT 25° 
_ 
@ 
0°" 18 - 24 SEP 85 20°N 


Figure 4.3-8c. SST data (°C) for September 17-24, 1985. The drifter trajectories, shown by arrows, 
are identified in Table 2.2-1. 
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rotation for Eddy B. Selid line is the east/west speed and 
Gashed line is the north/south speed 
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Figure 4.3-10. Time history of: («) distance to the center of rotation of Eddy B as seen by Drifter 
3378, (b) retetionsl frequency of Eddy B and (c) eccentricity (selld line) end eajeor 
axis orientation (dashed line) for Eddy B. Flow field orientation is with respect gD 
to east /west 
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Figure 4. 3-12 


Tiee histery ef: (a) the retetionsl frequency within the Leep 
Current and (6) the Leep Current eccentricity (aeteriek) and 
the orientation ef the gajer axis (dashed Line) Fer the flew 
field erientation, nerth is in the pesitive eccentricity 
Girection ené east is im the positive tliee direction 

a2 


4.3.3 Iudtial [ody Comlicuration 


4.3.3.1 Temperature end Salinity 


The initial cenfiguretion ef Eééy B was reletively circular after it seved 
past 88°C (Figure « )-13) The asim trensect completed by the £/V¥ PELICAN (in 
Ceteber 1985) indicates thet Eddy B was « typical Leep Current edéy in terus 
of beth size amé property ¢istributions. The vertical tempersture section 
from the B/V BAT CO 6 (Figures 4.3-3) and c, p. 73) taken Guring July 16 
through 19. 1985 shortly after Eddy B hed seperated from the Leop Current can 
be compared with that from the £/V PELICAN taken Guring October 22 through 24, 
1985 (Pigure 4.2-4, p. %) There was wery little chenge in the edéy'’s 
vertical temperature etrvucture Guring the three intervening seonths 


Figure 4.3-14 shows «@ wertical section ef salinity cerrespending te the 
vertical temperature section in Figure 4.2-4. The prominent feature is the 
subsurface salinity saxieus, that is, values greater than 36.6 ppt, centered 
near 2008. This Subtropical Underwater (SUV) originates im the tropical Berth 
Atlentic (Sewlin, 1972) em@ is the hallesrk of Leep Current eddies. The T-5 
dleagres fer this tremeect is given in Figure 43-15. Im e6éition te the 
salinity mgaxnieus, the C¢lagrem shows the salinity sinious, thet is, values 
slightiy less then 4.9 ppt, associated with « reanent eof Subentaretic 
Intermediate Vater (Newlin, 1972). Figure 4.3-16 shows @ wertical section of 
sigea-t te 15008. The concave, Gowware forms of the isepyensis, which 
identifies the bereclinic core of the eddy, is clearly evident te at least 
11008. Belew this, however, the density contrast is tee week te be contoured 
using « 0.2 contour interval 


4.3.3.2 Butrients 


figure 4.3-17 contains wertical sections fer disselved oxygen, silicate and 
phosphate, reepectively. Oxygen values are greatest in the surface water 
directly ever the core of the ed@y where exceed 5 ol i The values 
Gectease to « sinious of lees then ) ol i°* between 4008 and 6008, oF sore 
specifically, aleng the 27.1 contour of signe-t. The oxygen values in this 
sinious layer are slightly elewated at Stations 16, 26 and 28. These are near 
the redius of seximus velocity in the eddy where there its slightly sere 
vertical wiazing Silicate values inerease sonetenically free sini@us values 
neat the surface to saximum values of sbowt 25 ug-at 1°* between 10008 and 
12008 or near the 27.7 contour of signa-t Phosphate vwalwes alse increase 
Geownward from the near surface te « saxiqum near 600.8008 The associated 
sigua-t contour is 27.4 These nutrient distributions are consistent with 
these observed by Morrison et a1. (1983) 


4.3.3.3 Velocity 


There are three sources of welecity data for Eddy B at the tine of the &/V 
PELICAN eruiee. The first, surface Grifter velocity, was dlecussed in Seetion 
&.3.2.2 (p. 76) typtepi swirl epeeds (i.¢., the speed of flew around the 
eddy) were 69-80 co sec” Another estimate comes [roe geostrophic velocities 
couputed frome the CTD stations. Since the asin transect 414 met pase directly 
through the center of Eddy 8, the stations were seved te « line which did. by 
aseuning axial symmetry Figure 43-18 shows the resulting wertical section 
of geestrophic velocities relative te « level ef ne setion et 9508. On the 
north side, the saxieus of shout 97 os sec’* ccours between Stations i4 end 16 
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Figure & 3-13 


Tepesrepty eof the 6°C teepereture surface beeed on 4)) ERT Gate collected by the 9 
mAT CO 6 Guring the perted free July 16-19, 198) 
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Figure 4.3.18 


Vertical section of geostrophic velocities relative te 9508 fer the PELICAN CTD 
trensect 
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at « Gepth of 100m. On the south side, the saxinue ijes between Stations 24 
and 26, again at 100s, with « value of about 78 ca sec” 


The currents seasuredéd on Mooring & in latter October can be compared with the 
abeve geostrophic velocities. Figure 4.2-3 (p. 53) shows the position of 
Mooring BR in Eddy B at this time. Assuming axial symmetry, it corresponds to 
a position between Stations 12 and 14 on the north side and between Stations 
26 end 28 on the south side. Figure 4.3-19 is «2 plot of 40-hour, low-pass- 
filtered velecity wecters fer sll currents recorded at Mooring &. Eddy 5B 
begins to influence currents st Mooring R on approximately October 1, 1985 
(Julien Dey 275 im Figure 4.3-19). at i the observed speed is 40 cn sec”, 
and the geostrophic speeds are 70 ca sec”* on the north side and 65 cm sec” 

on the . At 300m the obec speed is 20 cm sec”! and the geostrophic 
about 30-35 ce sec” Figure 4.3-19 is probably the first 
presentation of directly seasured currents from near surface to near bettes in 
the deep part of the western Gulf. An tapeortant feature is the sagnitude of 
the alaost purely barotropic signal below 10008. Alse note that on October 17 
(Julien Day 292) the currents below 10008 were directed almost opposite to the 
shallewer currents in the baroclinic eddy. 


4.3.4 Westward Trapslation after Separation (Northern Bouts) 
4.3.4.1 33. apd Path Dats 


Eady 8 became stalled along the northern continental slepe until sid-Septeaber 
1965. During this tise, Drifter 3378 exhibited slightly weaker velocities 
(90-70 em sec’*) at radii from 50-60 km from the eddy center. The eddy then 
made «4 rather rapid southern sevesent, and the resulting conditions are shown 
in Figure 4.3-20. There are twe laperteant eccurrences illustrated in this 
figure. The first is that Eddy A (whose origin date is unknown) was well 
southwest of Eddy 8 at this tise (late September). Apparently, Eddy A 
continued its southwestward sigration, the preferred path of most Gulf eddies 
(Vukevich and Criseman, 1986; Lewis and Kirwan, 1985). The second interesting 
fecter is the lecation of Drifter 566). This drifter had been near the 
Flerida Straits (Figure 4.}-8a, p. 78), but seved northward and then westward 
te @ position off the Mississippi delta. As will be seen, this drifter 
eventually became entrained in the flow field of Eddy 8. 


During October 1985, Drifter 3378 mseved to tighter orbits (-40 ke radius) in 
Eddy 8. Conditions fer Octeber 2) through 29 are shown in Figure 4.3-21. 
Eddy 8 had soved west-southwest inte deeper water, and Eddy A had reached the 
Mexican coast at <«22.5°H Drifter 5678 is seen toe have some anticyclonic 


seotion te the north of Eddy 8, and Drifter 568) appears to be following 
Drifter 5678. 


4.3.4.2 Ed@y-Belated Processes 


Eddy % is the first reported Gulf eddy tracked by «a drifter that followed « 
nertherly rowte westward secress the Gulf (Lewis and Klvwan, 1985) Three 
previously tracked eddies hed 411 moved westward along « sore southerly route. 


it is legieal te comsider what factors caused Eddy 8 to take the sore 
nerthern peth. 


Eddy 8 net only seved on « sore northerly path, but alee etalled for a tise on 
the 30008 isobeth (Figure 2.2-la, p. 6). This is on lapertant occurrence for 
& number of reasons Firet, the vertical extent of Leep Current eddies can be 
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Figure 4.)-20. SST data (°C) for September 275 threugh Geteber 1, 1985. The drifter trajectortes, 
shown by errews, ere identified ta Teble 2.2+1 
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Figure 4.3-21. 


SST data (°C) for October 23-29, 1985. 


Shorter arrows denote the flow at the edges 


of Eddy B while dotted lines indicate the locations of eddy waters (based on XBT 


data). 


The drifter trajectories, shown by arrows, are identified in Teble 2.2-1. 


substantial. An objective analysis of hyérographic observations by Hrcaam 
and Gorley (1986) showed that an eddy flow field could reach as deep «ts 3000s 
er gore. Current meter data for Eddy 5, as it later reached the western Gulf 
of Mexico, showed that this was true here as well. Considering the spatial 
extent of the eddy when it detached from the Leop Current (Figure 4.3-22), 
goverment onto the 3000s iscobsth would sean that the northern edge of flew 
would reach inte water depths ot least as shallow as 12008. This seens 
contrary to the concept of the conservation of potential vorticity in which « 
flew field ef constant total vorticity seves slong « constant depth contour. 
Im eédition, the distance of Drifter 3378 from the center of the eddy (Figure 
4.3-10e, p. 80) decreased while soving inte shallower water (Julian Days 235 
through 255), which is opposite of what would be expected fros conservation of 


potential vorticity. 


Finally, Eddy 8 made « relatively sbrupt southward sove off the 20008 isobeth 
inte deeper water Guring Julian Days 255 throwgh 275. This was sccompanied by 
a further Gecrease in the distance from the center of the eddy to Drifter 3378 


(Figure 4.3-10a). 


If the conservation of potential vorticity is aseumed to held within the eddy, 
then the sovemsent inte shallow water gust result from an external flew field. 
Im Figure 4.3-8a (p. 77) Eddy A was quite clese to Eddy 5B pricr to its 
movement onte the 30008 isebeth. However, the interaction of the flew flelds 
of twe aenticyclones results in the rotation of the pair ia an anticyclonic 
sense (Hooker, 1987; Cresewell, 1982). Such an interaction would result in 
Eddy 8 moving southeastward and not ente the continental slepe. Moreover, two 
interacting vortices tend to coalesce, being Grawn together as their flow 
fields serge (Chang, 1983; Nof and Simon, 1987). There is, however, no 
indication of such « coslescence st this tise. These considerations support 
am assumption that an external flew fleld aay have interacted with Eddy B and 
caused it te seve inte shallower water te the north. 


The stalling of Eddy B on the 3000m isobeth aay be « common event for eddies 
traveling along the northern slope of the Gulf. Vestward propagation can be 
explained by the beta effect om individual water parcels within the eddy 
(Seith and O'Brien, 1983). But when the eddy feels the effect of bathymetry 
te the north, non-linear accelerations can become iaportant (Seith, 1986). 
The narrower and shallower region along the northern edge of the eddy causes 
an ecceleration and an increase in somentus. As @ result, the eastward 
flowing water north of the eddy center exceeds the westward flew te the south. 
This counteracts the beta effect. The stalling of Eddy B aay result from « 
balance between the westward-tending beta effect and the eastward. tending 
non-linear ecceleration. 


Still te be accounted for, however, is why the orbits of Drifter 3378 became 
smaller as Eddy 3B moved over and stalled on the northern continental slepe. 
One clue to what may have occurred is found im the XBT data. Table 4.3-1 
shows the saxigus depths of the §°C isotherms for various surveys. Alee shown 
are the volumes between the 15°C and 8°C isothermal surfaces. The M/V NAT CO 
6 and R/V PELICAN cruises demonstrate that the maximus depth of the 68°C 
isothers decreased by Sa but the volume between the 8°C and 15°C curfaces 
increased by 608. The net result is « substantial growth of Eddy 8 from the 
period between when it was spawned and after it seved southward off the 30000 
isobath This suggests that Eddy B aay have entrained « substantial amount 
of water. Such «4 process is consistent with the paths of Drifters 5683 
(Figures 4.3-234 through ¢) and 5678 (Figures 4.3-234 through ¢). These 
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figure 43-22 


Topography of the 68°C temperature surface based on 211 EBT data collected by the H/V 
NAT CO 6 during the period frome July 16-19, 1985 
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Survey Source Maxigus Depth of the Estimated Mass Be Aa fl 
amé Date 8° leothers (a) ané 6°C at 5508 (x10*s”) 

m/V BAT CO 6. July. 1985 760 1.67 

R/V PELICAN, Oct, 1985 735 2.67 

AXBT Survey, Nev, 1985 710 2.82 

B/O ALTAIR, Feb, 1986 810 2.46 

B/O ALTAIR, Apr, 1986 720 1.3? 

HO-2, Aug, 1986 700« 3.92 


Table 4.3-1. Estimates for Eddy B of the vertical extent of the 6°C 
ieothers and of the volume of water between the §°C and 
15°C teothermal surfaces. These are weed a6 indicators 
of the changes in the size of the ring between various 
cruises 
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Figure 4.}-2}e. SST dete (°C) for November 6-12, 1985. Sherter arrows denote the flew at the edges 
of tédy 8 while dotted lines indicate the lecetions of eddy waters (besed on EST 
date). The Grifter trajectories, shown by arrows, are identified in Teble 2.2-1 
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drifter data would seem to suggest thet the source of the water was the ware 
shelf waters of the northern Gulf. Clearly. these taplicetions are Gependent 
on the wolume calculations giving em sccurete estiaate. 


The entrainment precess could explain beth the decrease in the redius seen by 
Drifter 3378 and the sbrupt offshore sovenent of the eddy First, the 
entraingent of shallew, ware shelf water would produce 4 convergence in the 
tep layer of Eddy 5 Comvergence would then produce susller drifter orbits, 
and wpper layer entrainsent would have te be compensated by divergence in the 
lewer layers eof Eddy 5 Some portion eof the decrease in edé@y radius after 
soving off the 30008 isebeth could be the result of werten stretching as the 
eddy goes inte deeper water. Assuming the eddy extends to the betten at a1) 
depths im the Gulf, vertex stretching can only scoount fer « third of the 
Gecrease in eddy redius. The remainder aay be ettributed te sass entrainment 
im Eddy 5 Overall, the met decrease in the edé@y redius indicates «4 volume 
increase of 508, quite consistent with the 608 estiaste obtained using the °C 
ané 15°C leothers data 


An entrainment process would alee help ecoount fer why Eddy 8 seved southward 
inte deeper water Te see this, comelder the conservation eof aasse and 
potential verticity 


am/sédt +h De= 
é(a + f)/ét + 0 (2 + f) «= O 


where H le th average depth, t te tlae, D is the herisental convergence, © le 
some source of sass (the gases entraingent process), « is the wertica) 
componerc of vorticity and £ is the Cortelis parameter. tSelving the top 
expression for D and substituting inte the second expression gives 


é| inte + £)/8 )/ét = -Q/e, 


Since Q is positive for entrainsent, the sbeve iaplies that (2 + £)/# aquet 
decrease. This can be seccomplished by increasing H and/or decreasing f 
Either possibility is consistent with the seuthward sevesent of Eddy 8 off the 
nerthern centinental slepe 


6.3.5 Receiving Field 


The most extensive set of direct current seasurements yet obtained in the 
western Gulf of Mexico is available te characterize the conditions prier te 
the arrival eof Eddy 8. but there is little in the way of supporting 
information such as XBT, CTD, satellite or drifter data that would indicate 
the spetial extent and paths of mesoscale features. The ‘receiving field" for 
Eééy 8 was net quiescent. The current meter data indicate considerable 
mesoscale activity, which is net surprising «ince the present conceptual model 
of the westerm Gulf is that it is filied with beth warm-core and cold-core 
eddies of various sizes and in various stages of generation and decay 
Although the Leck ef ether information aekes if diffiewlt to relate events and 
fiuwetwuations im the recerdse te the inflwence of specific eesescale features. 
the data provide « benchmark characterization of the temporal, statistical and 


spectral properties of the western Gulf that can be used in interpreting the 
Gata of the second deployment period 


The KST Gata collected during the current seter retetion cruise in October 
1903 chew thet ot least two mesoscale features existed in the vicinity of the 
eeorings sear the end of the first Gepleywent perieé. They were located ever 
the continents] slepe Gee weet of incoming Eady 5 (Figure 4.2-3. gp. 53) A 
vertical tempersture section slong the line joining Moorings 7. 5 and Tf is 
shown with the 8/0 ALTAIR crulee treck im Figure 4.3-24. A cold-core e6@y is 
evident in the dosing isotherms centered at Station 1) The exletence of « 
were-core eG@y is inferred free the coabinetion of the Gownward slope of the 
ieother=es towards Station ) end the observed currents at Beoring T Since 
eééies eove sround. theese cyclonic end anticyclonic features sight be the 
source of the estrone signal ot Mooring & Guring August 1985 (Figure 4.3-19, 
>. 91). Eddy A. which wes seving ecress the Gulf Guring the latter part of 
the firet Gepleveernt period, prebebly passed tee far south of the seerings to 
heave « direct influence 


&.3.5.1 Zime Domein Description 


Dete free Meering & were introduced in Figure 4.3-19 im the discussion of 
vwelecity im Bé@y 8 at the tise of the B/V PELICAN cruise. Im this figure the 
vertically wp direction is tewerd 30°T,. ond horizontally right is toward 
129°T The fetetion sligne the VY component with the seen direction of the 
bethyeetry of the continental slepe in the study area The direction of Borth 
ie indicated by the bold errew labeled *H* The 40-hewr, leow-pess filtered 
vectors ere pletted te the seme scale at a1) five lewelse for ease in views) 
comparison. Figures 4.)-25 through 4.3-28 shew the currents free Moorings 0, 
>. S$ ené T. feepectiveiy. in the seme format 


Mooring & wee leceted om the filet, sbyessl plein (33008), away free the 
influence of the continental slepe im Figure 4.3-19, there te on obvious 
4ifference in the appesrance of the plets et and sheve 3008 coupered with 
theee et and below 10008 At any given tlee, weeters st 3008 are generally 
sielier te theee st 1998 in direction but saniige im magnitude Mas imue 
epeeds are about 40 cs sec”* at 1908 end 270 om see’ * at 2008. Free 1000-30008 
the veeters ere wery sisiler in beth saegnitude and direction et any given 
tiee Masi@us speeds (+°-hewt, lew -pessed) free 10008 down are about 1) cs 
eoe’* There ere twe periods when the currents et a1) lewele are relatively 
strong The firet, sbewt Jullien Dey 279 (hug.). gay be sttributable te 
mesoscale features discussed in the previews section The second begins in 
Oeteber end is Gue te the arrival of the weetern edje of Eady 8 


The fers of the current velocities, particularly deep vwereuws shallow, can be 
empiained in terme of beretrepic amd bereciinic flew components Berotropic 
flew ie theught of a6 the flew due te « wmifere tilt of the pressure surfaces 
in weter where the Geneity eseentialiy depends only on pressure and the 
velocity ie enifers with gepth Baereciinie flew ie the part Gue te editions) 
tilte ef the pressure surfecee caused by Geneity vwerletions Beth flew 
components ere geeetrephic the. ‘es. the Cetielie feree belancese the pressure 
gredient feree The bereclinie .*t may be ebteined by the stamderd setheod 
fer calculating geeetrophic welee, sheer free Geneity wereue Gepth, a8 wee 
Gene. for example. in cresting Figure 4. 3-18 (p. #9) The beretrepic pert 
gust be obtained by some other seane euch os directiy seasuring the ebeclute 
eurrent and subtracting the bereelinice compenent 


At Gepthe belew 16008 in the Gulf, the fenge of potential teapereture is 
401°C te 4.15°C, and the range of salinity is 4.962 te 4.976 ppe (Howlin, 
1972) Belew 20008, the eppresiaete sill depth of the Yuceten Streit. these 
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Figure 4.3-25. Stick plots of 40-hour, lew-paessed currents at Mooring Q for the first deployment 
period. Vertically wp (+¥) is towards 30° 
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Figure 4.3-26. Stick plots of 40-hour, low-paessed currents at Mooring PF for the first deployment 
period. Vertically up (*¥) te towards 30°. 
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Figure 4.3-27. Sttek plete of 40-heer, lew-pessed currents ot Hooring § for the firet depleyuent 
perited. Verticeliy wp (*¥) te tewaerds 50° 
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Figure 43-28 Stic plete ef 40 heuer. low-pessed currents et Mooring T for the first deployment 
ported. Vertically up (+¥) ts tewerds 0° 
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parameters are even sere unifers. This explains the wertical uniformity of 
the currents belew 14008 in Figure 4.3-19 (p. 91); the indicated velocities 
are essentially the baretrepic component. Since the baretrepic velocity must 
be wnifeors with depth. it extends all the way to the surface. Therelere, it 
is « component of welecities st 100 and 3008, os cam be illustrated by 
considering the velocity vector st 300s on Mooring B at the end of the recerd 
(Figure 4.3-19). This wecter is pletted on the asp of the topography of the 
S°C tempereture surface (Figure 4.2-3, p. 53). The weeter is met tangent - 
the circusference of the edéy, and its sagnitude is only sbout 20 ce sec”*, 
but the tepegraphy of « temperesture surface is related only te the baroclinic 
couperent of flew. The current seter velecity includes beth components. 
Ieeleting the baroclinic part is pessible by subtracting the velocity seasured 
et 15008 (Figure 4.}-29). The result is « vector thet is sore closely tangent 
te the clrowsference of the eddy and has «4 greater sagnitude. At the életance 
free the center of Eddy 5 at which Mooring —& is located, Figure 4.3-18 (p. 89) 
indicates f geeostrophic (baroclinic) speed at 300m relative te 9508 ef about 
0 ce sec” 


Mooring Q was lecated in 30008 of water at the foot of the continental slope. 
ite compesite recerd (Figure 4.}-25) shows the same type of division between 
upper and lower leyer flew «as t of Mooring B. Velocities at 1008 at the 
ené of August approach 65 ce sec”’* and are caused by « cold-core cyclonic eddy 
thet will be described belew. Velocities et 10008 end 15008 are quite 
similar; the differences are attributeble te emall bereciinic effects at 
1000s. There are twe major flew events in the lower layer. One cceours in 
eatly August and the ether st the beginning of teber Maximum speeds at 
15008 dguring the first event are sbowt 25 ce sec’*. Since it is barotropic, 
this welwe extends «11 the wey to the near bettes. Revelation ef the 
Sagnitude of the beretrepic flew events in the deep portions ef the western 
Gulf ts « wajer result of this study. Such large speeds have significant 
leplications fer blelegical and geelegical processes in the Oulf's basin and 
for the dietribution of beth sedisents and certain species of bettes life 
(Pequegneat, 1972) 


At Mooring F. lecated on the continental slepe in 20008 ef water, velocities 
et 10008 end 15008 (Figure 4.3-26) are sisiler but net as euch as at Moorings 
Q end R. Maxiaus speeds are about 10 cm sec’ iy beth records at Mooring P 
(40-hour, lew-pess filtered data oniy) Te <¢@ifference between the 
velocities at F and Q le etriking because they are only shout 25 ke apart 


Mooring 5 was leceted im 15008 of water on « small ridge which causes the 
lecel 20008 isebeth te deviete from the regional trend The velecity at 
10008 (Figure 4.327) ie weaker then thet st Mooring PF gue of the tine, and 
eenioue velwes afe only ebowt 19 ce sec" The reason fer the email 
ampiitudes of the lew frequency fluctuations ot 5008 sbeve the bettes at 
Moorings FP and Q is net understood in the upper lever, «t 1008, seaxiou 
values exceed 60 cn sec”! The direction ef the weetors slowly goes through 
several partial and full retetions. The pattern of velocity vectors suggests 
thet an eddy say have seved by the sooring as described below 


The strongest velocities of all were recorded at Mooring T (Figure 4.3.28), 
whieh wae leeceted in 22008 ef water Matious speeds exceed 9O co sec’* at 
(908 fe 10008, which is 12008 sbevwe the bettes, aaxigus speeds approach 20 
oo sec Current velocities et a1] three depthe are slailer in direction but 
Gecrease in magnitude with depth This type of wertical velecity shear 
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V300 - Vi500 = VBC—~ /- ~ 
) <— Velocity at 300 m 
Velocity at 1500 m —» (BT + BC) 
(BT only) 
| 
\ 


6 
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Figere © )-7% Tibewtrettios of the verter subtraction of eheerved velocity ef Geteber 1) of 
Poortea & ot 1)0oe 8 Thte be eeeumed fe be beretrepte (fT) free the cheerwed 
velocity et 1908 whick comtetne beth berecliinte (80) ent beretreptc components 
Seewlt te @ weeter @f Jeet the bereelinte eeapenent, ent tt te Gere nearly tengert 


te the clreumforence of Bady © oe Gepteted by the pertiel 6000 contour of the depek SS) CUNY Ay 


of the ee toaporetyve oorfece tebee free Figere ¢ 7.) 


Magnitude ef the reee! tent 
te ehewt 9 oo eee which egrees wlth the taghtc 


« 


amy 


suggests the presence of stremg bereclinicity euch os aay be expected with an 
@aty 


Although im general it is ¢iffieult to infer unambiguously the neture of an 
e6éy event with only four velocity weeters, it ts peesibie te ansiyse the one 
thet ccourreé in August beceuse the center passed through the sidéle ef the 
sooring array. The welecity weeters «ot 1008 on August i) afe pletted in 

4.3-30. ené « otreas furcetion petters consietent with the weeters is 
subjectively é¢rewn sreund thes The flew ts ebviewsiy consietent with the 
presence of « strong cyclone. The teapereture recerés free the current seters 
at Boorings & and Q (Figures 43-31 and 43-32) suppert this comciusion. fer 
Mooring S$ ot 1008, temperatures are cool et the beginming of Auguet (Dey 713) 
They rise slewly wottl Dey 247 and then Groep. At Mooring Q teaperetures are 
were initially bet shew « cool fluetustion between Deys 734 ant 750 The 
comlusion is that the cyclone seved northeastward ecress Beoring 5 te Mooring 
Q and then seved beck towards Mooring 5. It appears thet this August event is 
the same cyclone identified in the Geteber EST data (Figures 42-3. p. 33, and 
4.3-24, p. 102, ené Seetion 4.3.5. p. 101) It would alee appear. therefore, 
thet the enticyclene south of this cyclone was the couse of the strong 
currents et Mooring T 


A charecteristic feeture of samy of the tlee-series records of current 
velecicy te the presence of energetic burets of escilietions with « near: 
inertial peried, near 24 hours ot this latitude. Figure 4.}-3), free Mooring 
? at 10008, shows on example. The Light lines in the center penele are the 
}-hour, lew-pess flitered dete. The esciiietions heve an amplitude of sbout 
19 op eec”*, whieh le the same order of sagnitude as the amplitude of the lew. 
frequency cougpenent. etary spectra (Section 4.3.5.3.2, p. 119) demonstrate 
thet the esctiletions heve « cleckwiee sense of fretetion and. therefore, 
appear te we inertial Their cause, thet is te sey, whet “triggers” of 
imitietes these currents. is unknown 


&.3.5.2 Qeetiatical Characteristics of the Velocity Fiels 


The basic statistics for all of the tiae series Gate of the firet deployment 
peried are iieted in Table 4.}-3. They quantify seme of the features already 
éiscussed and previde additional insight inte the leeation end persistence of 
a pair of features (an antievyelone and cyclone). Te shew the geen values, the 
currents are pletted in weeter forms in Figure 4.3-34. Consider an imaginary 
line rumming free « point between Moorings § and T te « point between Moorings 
Qené kh. At 1008, the pettern of the veetors suggests anticyclonic sean flew 
south of the line end eyelenic sean flew mnerth ef it. The seaen-flew petters 
tegether with the ensiyeis ef the currents in August (Figure 4.3.30) and the 
EBT data ot the end of the Gepleyeent period support « conclusion thet the 
enticyclone end cyclone pair were the principel feoreing feeters in the region 
eof the seering errey Guring the first éepleywent period Simee there were 
strong frontal fenes between this peir and around ite periphery, emell changes 
in position ceused abrupt changes in current velecity when euch frente were 
near the leeations ef seerings However, the seen positions were apperemtiy 
fairly eteble 


The seen veeteors in the lower layer are alee shown in Figure 4.334. Swen at 
the 19008 level, the weeters et Meerings T and & suggest the clockwles 
infivence of the nerth side ef on enticyelone At Moorings F. GO and &., 
however, the @eaene ate weaker end allow me facile loterpretetion. The weoters 
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Figure 4.}-31 Forty-heouwr, low-peseed teapereture series at Mooring § free July 28 through 
September 27, 1985 (Daye 210-270) 
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Figure 4.3-32. Forty-hour, low-passed temperature series at Mooring Q free July 28 through 
Septeaber 27, 1985 (Days 210-270). 
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Figure 4 3-3) 


Tise-series plots of 40-hour, lew-pessed stick weeters, end }-hour (light line) and 
40-hour (heavy line), lew-passed U and V components end temperature for the firet 


Geployaent period at Mooring F ot 10008. Vertically up (+¥) te toward 30° 


iis 


es 


*% 


, 
“ 


;” 
6: 
io 6 


te - 
nm 
ee 
ae 


— ? > 


i) 


8 


>see 


r 


BESI Cur’ Pye ieee 


1985 


. 


Basic statistics of the UV end V components of current and 


temperature ever the evalleble recerd lengths at Moorings 
Pr. O. &. & and T for the first deployment perted: June 17 


1985 threugh Octeber 20, 


Table 4.}+?2 
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Figure 4 3-4. Mean values, over the receré length, of velecity presented in 


vecter forse fer the firet deployment peried June i? through 
GCeteber 270, 1985 


et 19008 «et Seerings F and Q are actually larger them thelr counterparts ot 
10008. and their direction suggests tepegrephic steering. 


In the lower lever, the reletive warlences of the U and ¥ components as well 
as the ortentetion of the principal anes ot Moorings F. GO. 5 ant T alse 
Geporstrate topegraphic steering. The wartences of the slong-isobeth 
components (VY) are wmifersly et least Gowble these 
Mooring F it is gore like five tlees. (The greater the 
rectilinesr the flew fluctustions). The rewerse is true st Mooring & at a1) 
Gepths and ot a1) the other seorings in , 
fluctwstions ere eriented sere perpendicularly te the edjecent isebeths. As 
the principe) «azes indicate, the upper flew fluctwstions «s+ sere 
perpendicular «st Meerings Q ond & then ot Mooring T. Allee note ‘her the 
werlence le greatest et Mooring T. As with the component seans, the verlaences 
iaply thet. om the everage, Moorings GQ ond T ley to the ; 
respectively, ef the center ef « cyclone, end Mooring T lay in the northwest 
part of an enticyelone 

showed 


The retic of 40-hour, lew-pese te )-howr, lew-pess kinetic energy 
siniew near 10008. At Moorings fF and , 
emelyees (Seetion 4.3.5.3. p. 110) shew thet ot perieds sherter then 40 hours, 
imettial escliletions scoount fer sest ef the energy. 
te 


The warlance of teapereture is qui 
The geen temperature «et 1008 at 
instrument wes just abhewe the tep the 

the eleed lever. At Mooring § the sean temperature ot 1008 ie 174°C, 
piwes the inetrweent in the asin thermocline. At theee twe 
leeitiens, the tespereture warlaence is fre te 
heritental fleetustions in the pesition eof the fremtel ftene between the twe 
eddies 


4.3.5.3 Exequency Domein Descriztics 


The seered array of thie experisent was designed te fers an ‘antennae’ thet 
would Getect the etrweture end neture of the flew fleld in a eddy 
encountering tepegraephy end thet Sight Getect the wave energy diepersing free 
it. The preceding sections related the position end aevenent of the eddies te 
events in the tlee-serles records and te the beste setetieticos of the flew 
field The present section examines sere quaentitetively the fluctuating 
neture of the current and teapereture flelds 


The principel sechenieme thet ere expected te influence epectral cherec- 
teristics eof the current/tempereture Gate are Gue directiy te eddies of eve 
triggered by thee. An ed@y begins te lose its shape end high current speeds 
by dlepersion eof plenetery fessby weves (beta effect). by frietionsl 
diesipetion end under certain conditions by inertial, bereclinic of beretrepic 
inetability geehen| ome The dlepersive precess ie enhanced when on eddy 
eneounters sheeling tepegrephy end when on ed@y becomes week ond opel} The 
process is retarded by nem linearity, such as eoeurs when on eddy te lerge ond 
strong of when it ie tightly coupled te on eppesitely signed eddy in « vwortes 
peir Eady dispersion preduces emeller weve “peckete "© which themeel wee eer 
resemble emaller eddies of siterneting retetion sence The ich ed@y 
structure evident in thie etudy shewe thet the weetern Gulf te on area of 
active eddy Giepersion. It is @iffiewlt te estiesete the tie end epece scales 
ef current fluctuations sesecieted with ed@y @lepersion ewer the continental 


iis 


slepe. bet Linear calouletions suggest 10-20 Gays and 100 ke as typical values 
fer Leep Current eddies 


Over topegraphy. eGéies can excite topographic Ressby waves. These Rossby 
waves Ge met Gepend on grevity for their existence, se their sost visible 
senifestations are herizental current patterms. Their charecteristic tise and 
length scales can be from « few Gays to weeks and hundreds te thousands of 
kileseters. Seceuse of their long wevelengths and the distributed effects of 
forcing, topegrephic Ressby waves often hewe « “signature” that includes 
selective respenses in certain frequency bends, but with inconclusive or 
confusing evidence of phase propagation. 


The respense te abrupt fercing by sevenent of fromtal somes will alse include 
waves of near-inertial frequency which in the northwestern Gulf have periods 
ef sbewt ere day Inertial weve energy will prepegete vwertically end 


horizontally eway from the fercing region, spreading the current response over 
& wide ares. 


Unusually intense storms can have an inflwence on the currents in the slepe 
region The gest obviews inmetance is the response to « hurricane (Brooks, 
1983). Hewewer, only one such vigorous surface forcing eccurred, and that was 
Guring the beginning of the second depleywent periceé. Yurricene Juan was 
onell end passed well te the east of Mooring QO. the easternmost sooring of the 
second period. Strong cold fronts passing ever the Gulf (“blue neorthers") can 
alse preduce significant currents by direct fercing and by breaking Gown 
Gemsity stretificetion As meted above. the winter of 1985-1986 was 
relatively eild, and hy@regrephic deta for the upper layer indicate thet 
Guring thie study the net effect of wind stirring was relatively week. Tidal 
currents ere prigertiy dlurnel end week (<5 co eec’') im the western Gulf. 
Vind amd tide forcing ere net considered in the subsequent enslyses. 


Majer events in the ebeerved currents are Gue te the sevesent of eddies. The 
events take plece ever weeks and are aepertedic end thes appear in the 
frequency Gemein es very lew frequency amd very breed bended energy 
Therefore, energy spectre eshibit generally “redé* beckgrownds in which the 
energy lewel ineresses with decreasing frequency The sere periodic waves of 
plenetary end topegreaphic dispersion and pessible instability precesses are 
cuperpesed on thie beetground variance 


4.3.5.3.) Aubeepectes 


The present aeterieal esamines cherecteristics ef the Bulerien current fleldé 
prier te the errivel of the primary ed@y. Seseecale features which aay be in 
et clesee te the inetrument seering errey heve been discussed in previous 
seetions of thie report becouse spectral enelysis leeks for reguler end 
petiedic signeis, current petterne dominated by seving, evolving and retating 
eireuietion petterne Ge net elwaye lend theaseelves te spectral decomposition 
in the presentetion below, key of aajer features of spectra are enumerated 
with causative explenetions where they are epperent 


in the epper lever et Mooring &, the spectral wertence (and therefore the 
binetic energy) of the © and ¥ components (Figure 4.}-35e, b) drepe by three 
orders of gagnitude between the longest reseiveble peried and « period of 2 
deve (9.3 eveles per Gay) Neat the leeel inertial period, which ts nearly 
siurnel in the study eres, the werlence flees twe orders of sagnitude shove 
the bectgrownd lieve) between periods of 2 ant 10 dave there are relative 
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Figure 4. 3-35 Spectre fer Roortng © et 2008: (2) U velocity component, (6) ¥ welecity component 
ond (¢) temperature fer the 10/)-day ported beginning June 17, 1985 


ive 
BES) \ 


essiase oné pletesus. the aeet presinent being near ) Gays (9.3) cypesee per 
Gey). thet ere ome orger of gagnitu@e weaker then the imertis. setiow 
Tespereture werlance (Figure 4.3-3ic) hes « sieller petterm. bet with less 
syneptic-perieé structure and « less preomowwed inertis) sas iaus 


The spectral cherecterietics of the lower lever currents (15008) st Beoring & 
(Vigueres 4.}-}4e ont &) ore ciwiler te these in the epper lever, bet are 
weaker by on orger eof magnitude The }edey peak (09.3) epeles per Gay) is 
presinent. for the U component. end inertial energy is reletively high fer bet 
ee ee oe to the epper leper Tempereture wariance 
ii~=« "7" ergers bet hee the same fore and slee « peak 


At 1008 om Mooring @ (im the bettee of the eised lever), verlence of 41) three 
pereseters (Figure 4 }-3’e-«) Geereases elmoet linearly by three orders of 
eagnitude. and there is little etrweture in the synoptic band of 2-10 Gays 
which indicates Little wind fereing. At 10008, the spectra of the 0 and ¥ 
components (Figures 4.3380 ant &) shew «4 Giner peak ot ) Gays The 
components ent the teapereture epectrea (Tigure 4 )-38e) hewe «@ “red 
beckgrownd warience end high inertial energy 


The ewteepectra eof the U end VY components of current end temperature at 
Moorings 7. 5 and T are sieiler in fers and sagnitude te theee at Seorings © 
ant 8 at @ given Gepth Therefore. figures showing these eutespectre are 
eeitted, bet their cherecterietios are éeseribed briefly 


At 10008 «et Beering 7. the inertial peek of the U component exceeds the 
verience ot the long perted end of the epectrus, fer the VY ceapenent, the 


imertieal peek is equally prenewnwed The teapereture epectrwe ise beeleelly 
“red” with on identifieble bet net etreng inertial peek 


The U and VY components at Seering & heve three principal features « “red” lew 
frequency end, strong inertial energy end « emell peek between 2.5 and ) days 
tmergy et the lower lewel le genereliy en order of magnitude emailer then the 
upper iewel but es guch as twe orders of magnitude et periods lenger then 1° 
Gays fer the Y component Temperature epectra fer the twe lewels heve 
identical fere but differ by twe orders of sagni tude 


The suteepectrus for the U component ot Meoring T hes « significant peak near 
& peried of 5 days (9.2 eytles per Gey), superposed on «4 “red” beekground 
The peek is net evident et 10008 ef in the V components The temperature 
spectrums fer 1008 hes « lerge inertial peek thet extends twe Gecades shove 
the beckgrewné At ai) three lewele there ere several peeks im teapereture 
vetieance between 5 dave and the diurnal pertod 


in cummery the pattern ef the suteepeetra of the welecity components end 
teapereture et ei) depthe in the receiving field is « “red” epectrusm thet 
Geereases by three orgers of Gagnitude free the lengest peried te « peried of 
ebout 2 Gaye and then rises by ene te twe orders of sagnitude eppreeching the 
imertial (dlwreel) perted in the eyneptic bend, )-10 dave. low energy peaks 
ere superposed on the “red” beebgreund, the one et 3:5 Gaye being soet 
prevalent The high energy of the currents near the diwrnel period hes « 
eleetwiee sence of fetetion thet te ehersetertietio of tmertial eeetlletions 
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Figure 4.3-36. Spectra for Mooring & at 15908: (4) U velocity component, (6b) V velocity component 
ond (c) temperature fer the 10)-day period begioning June 17, 1985 
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Figure 4.}-37. Spectra for Mooring Q et 100m: (a) U velocity component, (6b) V velocity component 
ond (c) temperature for the 10/-dey period beginning June 17, 1985 
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Figure 4.3-38. Spectra for Mooring Q et 10008: (a) U velocity component, (6) V velocity component 
end (¢) temperature for the 10)-day period beginning June 17, 1985 
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4.3.5.3.2 Betary Seectzs 


The retary analysis technique Gecomposes the vector currents inte components 
thet retate counterclockwise (COV. selid or heavy line) and these components 
thet retate clockwise (C¥, light or Gashed line). The relative intensity ef 
the twe spectrums components indicates the polerization ef the current 
fluctustions as « function ef frequency. for example, circularly-pelarized 
currents would exhibit sll their emergy in either the COV or Ci component, 
whereas \ineurly-pelarizeé currents would have equs! energy in the COV and Ci 
Component. Intermediate cases indicate elliptic pelerization. A purely 
imertial setien would exhibit circular polarization (C¥ in the Sorthern 


Healsphere) 


Figure 4.3-39 shows the rotary spectra for current velocity at Mooring PF at 
10008. ef which the U and VY components show very high verlence near the 
imertial peried. The retary spectra Gesonstrate that all the near-dlurnal 
energy is CV and thus inertial. Also note that at periods longer than 5 days 
(0.2 eyeles per day), rectilinear motion is indicated by txe equality ef the 


C¥ and COW retary components. 


Figure 4.}-40 shows the retary spectra for Moorings § and T at 10008 for 
periods lenger than 2 days (0.5 cycles per Gay). For Mooring $ the sotion is 
elliptical, COV at periods longer than 10 days (0.1 cycles per day) and C¥ at 
shorter perieds. for Mooring T this <civision ecours at 40 days (9.025 cycles 
per Gay). At perieds sherter then this, C¥ flew dominates except near 10 days 
and 4 Gays where the CC¥ spectrum hes distinct perks. 


*.3.5.3.3 Vertical and Morizontal Coherence 


Phase and coherence squared (hereafter referred te siaply a8 coherence) were 
computed for « large mumber of pairs of parameters for the longest common 
period, 99 days, beginning Jume 21, 1985. Vertical coherence was examined 
within the upper end lewer layers and between layers, and herizental 
coherence was examined between soorings within each layer. Selected plets of 
the results are presented. The ters “upper layer” refers te the water column 
frome about sid-thermeciine down to « depth of sabowt 10008 where density 
contrasts become email (Figure +.3-16, p. 87). “Lower layer” refers te the 
portion ef the water coluen free 10008 to the bettes. In the upper layer, 
only Moorings Q and & have data common te the 99-day period which can be used 
te compute coherence within the layer end between the seorings. There are no 
upper layer date at Mooring 7, and the records from 3008 at Mooring § and free 
100m at Mooring T are tee short. In eddition, the data frome 1008 at Moorings 
5 and T are probebly tee shallew te be considered part of the upper layer as 
defined above. in Section 4.3.5.2 (p. 110), it was concluded on the basis of 
the variance of temperature that the instruments st 1008 on Moorings § and T 
were located in the bettes of the sixed layer or the top of the thermocline. 
In the lewer layer, vertical coherence is examined within the layer at 
Moorings Ff, Q and RB, and herizental coherence is examined in the sleng- ant 
cross-isebeth directions between 411 seorings The vertical coherence of 
teapereture fluctuations is net eaamined in the lewer layer because the 
fluctuations are saall et 15008 an4 below 


The tesulte for the various vertical pairs of parameters generally indicate 
thet vertical coherence is high within each leyer but lew between thee. The 
plete fer Mooring Q (Figures 4.3-41 and 4.3-42) illustrate these conclusions 
in the upper leyer, between 1008 and 3008. the VY component is very coherent eat 


i23 


Soar? GPTC TR. ° 

e- — ~ $3 

“ ens 

f. 

~ 2 

fs! 

4 _ 

. + 

5 eas 

ss 

i 3 its 
: 
> 


a7 Git. 


Dare « 


C CLES Day 


Figure 4.3-39. Retery spectra for Beering 7 at 10008 fer the 10’ +day period 
beginning Jume 17. 1985. Deshed lime le cleekwlee coapenent 
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Figure 4 3-40. Retery epectre et 10008 fer the firet Gepleyment perted beginning June 16, 1985 foe 
(a) Seerting & ent (6) Boortng T 
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Figure & )- 4) Vettioe!, ereee epectrel coherence end phase et Mooring O between 1008 end 1008 

(eelld line), end between 3900 ent 10008 (decked iine) (6) 0 componente of 

velocity. (6) ¥ componente of welectty end (¢) temperature fer the 99 day period “e 
begteming fume 21 'oe" 
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Figure 4 3-42 


Vertical, cross-spectral coherence end phase at Mooring © between 10008 and 15000 
(a) U components of velocity end (b) V components of velocity tor the 99-day period 


beginning Jume 21, 1985 
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periods longer than 3 days (Figure 4.3-41b, solid line), and both the U 
component and the temperature are coherent at periods longer than 10 days 
(Figures 4.3-4la and c, solid lines). For the upper layer at Mooring R, the 
results are similar, except that for temperature the coherence is strong only 
at periods longer than 12 days. 


Between layers (3002 to 1000m) all three parameters are incoherent at all 
periods at Mooring Q (Figure 4.3-41, dashed lines). The results are sisilar 
at the other soorings except for the V component at Mooring R, which is 
weakly coherent at periods near 10 days and longer than 12 days, and for 
Mooring T where the VY component is coherent at periods of 6 to 6 days and 
temperature is coherent at periods longer than 7 cays. 


In the lower layer at Mooring Q (Figure 4.3-42), both components of current 
are strongly coherent between 1000s and 1500s at various periods between 2 and 
9 days and at periods longer than 12 days. Vertical coherence of currents is 
similar at Mooring R between 1000 and 1500m and even stronger between 15002 
and 3000s. At Mooring P, the V component is coherent between 10008 and 1500s 
at periods near 2 and 6 days and at greater than 12 days, while the U 
component is weakly coherent at periods longer that 12 days and incoherent 
elsewhere. 


Next, horizontal coherence is summarized, starting with the cross-isobath 
moorings. Again, only selected plots are shown. Between Moorings Q and R at 
300m, the velocity components are weakly coherent at periods longer than 12 
Gays and temperature is incoherent. In the lower layer, at 1000m, the V 
component is strongly coherent between Moorings Q and R throughout the period 
range of & to 20 days, with a phase relation close to 180°, and the U 
component is coherent at periods longer than 12 days (Figure 4.3-43). 
Between Moorings P and Q at 10008, currents are coherent only at periods of 3 
to 5 days, and temperature is incoherent. This low level of coherence is 
surprising because Moorings P and Q are only 29 kx apart. At the deeper level 
of 15008, however, currents are again coherent in the 8- to 20-day range of 
periods (Figure 43-44). 


In the along-isobath direction at 10008, the U component is incoherent between 
Moorings P and $, but the V component is strongly coherent at periods longer 
than 10 days, with a small positive phase value (Figure 4.3-45). However, 
between Moorings $ and T at 10008, neither component is coherent. Given the 
strong coherence between the V components at Moorings P and Q, it was 
suspected that changes in the trend of the direction of the topography between 
Moorings Q and T, in relation to the chosen orthogonal decomposition for the U 
and V components, were affecting the coherence estimates. Therefore, the 
coherence between currents at Moorings S$ and T at 1000m was also investigated 
by the rotary cross-spectral technique for pairs of vector time-series. The 
results of this method (Figure 4.3-46) indicate that currents are coherent 
between Moorings S$ and T at 1000m, particularly at periods of 11 to 14 days 


Mooers (1973) described in cetail this technique, which uses the rotary 
decomposition of horizontal velocity vectors discussed in Section 4.3.5.3.2 
(p. 119). Its advantage is that coherence is invariant under a coordinate 
rotation. In the Cartesian representation used in the preceding analysis, the 
orientation of the V component was chosen to be parallel to the mean, large- 
scale trend of the isobaths in the study area--that is, 30° clockwise fros 
north--and basically it was rectilinear motion that waa investigated with the 
U-U and V-V¥ coherences. The two other pleces of information, the U-V and V-U 
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Figure 4.3-4) 


Horizontal, cross-spectral coherence and phase et 10008 between Moorings Q and R 


(a) U component of velocity and (b) V component of velocity for the 99-day period 
beginning June 21, 1985 
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Figure 43-44. Horizontal, cross-spectral coherence and phase at 1500s 
between Moorings P and Q for U component of velocity (solid 


line) and V component of velocity (dashed line) for the 99-day 
period beginning June 21, 1985. 
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Figure 4.3-45. Worlzental, cross-spectral coherence and phase at 1000« between Moorings P and S$ 


(a) U component of velocity and (b) V component of velocity for the 99-day period 
beginning June 21, 1985. say 
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Figure 4 3-46 Rotary cross-spectral coherence and phase at 10008 between Moorings $ and T. (a) 
inner coherence and phase and (b) outer coherence end phase See text for 
explanation of rotary method 


coherences. were met <ciscussed. The cress-retary spectral anmslysis aise 
yielés four coherences: the immer coherence (actually, coherence squared) 
relates the co-rotating pairs--that is, clockwise with clockwise (light lines) 
ané counterclockwise with counterclockwise (heavy lines). The outer coherence 
relates the counter-retating pairs--that is, countercleckwise of the first 
with cleckwise ef the second (light lines) and vice-wersa (heavy lines) 
(Positive phase seams the first series leads the second series) 


The retary results indicete there is inner coherence (Figure 4. }-46a), at the 
908 significance level between the COV components (heavy Line) in three bands 
of period: 3-5 days, 11-14 days and longer than 25 days. The phases are +90", 
-90° and -50°. respectively. Figure 4.}-46b indicates coherence between CCV 
at Mooring 5 anéd CU at Mooring T (light lime) at periods of 11-14 days and 
lenger than 25 days (phases of -90° and -180°. respectively), and between C¥ 
at Mooring 5 and CCU at Mooring T (heavy lime) at periods of 3-5 days and 1i- 
4 days (phases of +60° and «120°. respectively). 


In summery, coherence is low between layers but high st lower frequencies 
within thes, particularly the lewer layer. The pettern eof herizental 
coherence is confusing. Herizental coherence, when it exists, generally 
occurs at periods of 3-5 days, 10-20 days or at the longest periods of the 
spectrums. Coherence in the range of 10-20 Gays suggests topegraphic waves. 
but phase relations are compliceted. [Evidence of propagating topographic and 
planetary waves is inconclusive in the results of these analyses. 


Sea-eurface temperatures Gerived from analysis of satellite thermal imagery on 
Nevesber 19, 1985 (Figure 4.4-1) shew that western pertions of the Leop 
Current (LO)--theat is, the nerth-sewth region having water teaperatures 
greater than 26°C--had extended as far weet as 90°V, and « warm ridge (¥) 
with surface water temperatures greater than 25°C was centered arownd 25. 5°S, 
93.6°0. <Amalysis of the depth of the 21°C isethers from AXBT data collected 
frome Neveaber 11 throwgh 1), 1985 (Figure 4.4-2b) indleates that Eddy B was « 
quasi-circular feature at this time and that the center of the eddy was at 
24.6°S, 9%.0°V, essentially in the center of the ware ridge detected in the 
satellite data. This is alse corroborated by the position data for Drifter 
3378 in Neveaber (Figure 4 4-3), showing for the most pert a tight circular 
anticyclonic trajectery with « center of cireulation arownd 24 .6°N and % 0° 
The analysis of the depth of the 21°C isotherm (Figure 44-24) alee shows an 
iselated region of shallew depths lamediately north ef Eddy B&B This feature 
is believed te be «a cyclonic eddy In eédition, ether regions of shallew 
Gepth were noted in Figure 4.4-2a te the northeast, sowth and weet of the 
ware eddy The available hydrographic data, however, are not sufficient in 
themselves to suppert the netion thet these features are all cyclonic 
perturbations. 


The November 1° °5 sea-eurface temperature analyses (Figure 44-1) weet of 95°V 
revealed isotherms generally orlented northeast-seuthwest. The aain feature 
was a tongue of cold water with surface temperatures lees than 25°C centered 
at 26.0°N, 96.5°W. This region (weet of 95°W) was markedly affected when 
Eddy 8B encountered the western continental slope. Previous satellite images 
and the drifter data suggested that an anticyclonic eddy (Eddy A) was located 
near 22.5°N im that region, though there was ne indication of Eddy A in the 
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sea-surface temperature analyses. In addition, s temperature section (Figure 
4 4-4) along Line A of the Noveaber AXST survey (Figure 4.4-2b) suggests that 
there asy also have been on eddy in the northwestern corner of the Gulf 
centered at Station }) which was best defined at depths greater than 100s, 
although it was not seen in the satellite SST data. 


4.4.2 Sea-Surface Tomperature and Surface Processes 


By the end of December 1985, significant seasonal cooling had occurred in the 
surface layer throughout the Gulf so that oceanic features were sore easily 
detected. On December 25, 1985, the satellite SST distribution (Figure 4.4-5) 
showed significantly colder water on the shelf in the western Culf of Mexico. 
Western portions of the Loop Current (SST greater than 25°C) were still 
evident to the east (LC). A westward extension of warms LC water was centered 
at around 26.5°N, 90.0°V, suggesting that <s new eddy aay have been 
separating. 


The most significant feature in the western Gulf was the north-south oriented 
ware water (¥) that was located lamediately seavard of the western slope. 
The warm water extended from approximately 23.5°N to 28.0°N with the southern 
boundary defined by two cold features. One feature extended eastward from the 
shelf to the west. and the other extended westward from the broad zone of 
relatively cool water that separated the Loop Current from this wars SST. 
Lecated in the feature was an isolated lens of cold water (temperatures less 
than 23°C) that extended westward at approximately 23.8°N, 95.1°V. This lens 
say have been the surface sanifestation of a cyclonic perturbation, but no 
further data could be found to support this thesis. 


The December 25, 1985 imagery showed a cold perturbation (C) was located 
between the warm zone (¥) and the shelf and was centered at 27.0°N, 96.2°V, 
and a warm fllament was found shoreward of that perturbation. The 
configuration of this feature is reminiscent of the cyclonic cold 
perturbations detected through satellite data off the southeast coast of the 
United States (Rao et al., 1971; Brooks and Bane, 1978; Legeckis, 1979; 
Vukevich and Crissm@an, 1980; Bane et al., 1981). 


By aid-Jamuary 1986, the satellite SST distribution (Figure 4.4-6) indicated 
that a new warm eddy (Eddy C) had separated from the Loop Current and extended 
as far westward as 91.0°W (at 25.0°N). The north-south oriented wars zone 
lamediately east of the western slope wall was still apparent (¥). 
Temperatures iu the warm zone exceeded 23°C. The northern boundary of the 
warm tone was still at approximately 28°N; however, no southern boundary was 


apparent. The SST pattern gave no specific indication of the eddies (A or B) 
that were embedded within that warm tone. 


In the January imagery, an isolated cold lens (C) having temperatures less 
than 22°C was lecated at approximately 26.5°N, 95.9°V. This lens may have 
been the surface manifestation of the cyclonic perturbation that was located 
north and west of that position in December 1985. The cold perturbation 
appeared to be goving to the south and east. The analysis also indicated that 
the surface manifestation of the perturbation had grown in size and 
intensity The SST pattern associated with this feature suggests that the 
northern boundary of Eddy B was at around 26.3°N. It is also possibile that a 
cyclonic perturbation (C) was centered at 23.5°N, 94.5°V. The SST pattern at 


that location showed a quasi-isolated cold feature having temperatures less 
than 23°C 
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Figure 4 4-4 


Vertical section of temperature (°C) along Line A from AXBT 
data collected for the period of November 11-13, 1985 
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NOAA-9 SST (°C) amaiysis in the western Gulf of Mexico for 
1985. 


Figure 4.4-5 
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Figure 44-6. WNOAA-9 SST (°C) analysis in the western Gulf of Mexico for 
January 13, 1986 
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Hydrographic data were collected between January 23 and February 5, 1986 in 
the region lamedlately east of the western slope. These were used to develop 
the topography of the 21°C isotherm (Figure 4.4-7b) which showed 4 
quasi-elliptical anticyclonic eddy (Eddy 8) centered at 24.9°N, 95.4°w and 
veose gajor axis was oriented northeast-southwest. Ic was difficult from that 
analysis to determine the northern and southern boundaries of the eddy because 
of station spacing The analysis also indicated the presence of a cyclonic 
cold perturbation that was centered around 26.3°N, 95.5°V. This location vas 
south and east of the center of the perturbation noted in the sid-January SST 
analysis (Figure 4.4-6), suggesting that the perturbation continued to sove 
southeastvard. 


During the January-February 8/0 ALTAIR cruise, hydrographic data were not 
collected as far south as 23.5°N, 94.5°V, so it was not possible to detersine 
whether the cold lens detected using the satellite SST analyses (Figure 4.4-6) 
was in reality a cyclonic perturbation. The region of shallow isothers depths 
noted in Figure 4.4-7b around 25°N, 94°Y appears to be associated with the 
large cold sone that separated the warm zone, which was immediately east of 
the western slope. from the new wares eddy that had separated from the Loop 
Current (Figure 4. 4-6) 


Te study characteristics of near-surface circulation in the eddy during this 
period, available drifting buoy data were combined. Position data fros 
Drifters 3353 and 3378 and from offshore industry Drifter 5495 (Figure 4.4-8a) 
were used to develop a current field in the eddy between December 1985 and 
Jatwary 1986. Daily averaged position data are represented in Figure 4.4-8a 
and were used to obtain 24-hour vector displacements and velocity components. 
The velocities were screened to remove the effects of changes occurring near 
the eddy center within the 2-senth period. The lines in Figure 4.4-8a 
represent position data that were used to develop the current field. The 
effects of non-stationarity on this procedure are acknowledged. 


Figure 4.4-8b presents wnit vectors showing estiaates of the near-surface 
flow-fleld. Eddy B is characterized by a broad anticyclonic circulation near 
the surface which compares well with the SST pattern in that region (F gures 
4.4-5 and 4.4-6) as well as with the analysis of the topography of the 21°C 
isotherm (Figure 4«.4-7b). There is no indication of the cyclonic 
perturbations that were located at approximately 26.5°N, 95.9°V in the January 
1966 SST analysis since drifters were not in that area (Figure 4.4-8a). 
However, a weak cyclonic circulation that was detected in the drifter data in 
the vicinity of 246°N, 97° is maintained in the analysis. This feature was 
not documented by either the hydrographic data or the satellite data. Figure 
4.4-8b also shows weak anticyclonic circulation at sbowt 23.5°N, %6.6°W, 
which was detected in that region using data from Drifter 335) (Figure 4.4- 
Ba). The greatest surface speeds (Figure 4.4-8c) were found in the 
northwestern and eastern sectors of Eddy B. Smallest surface speeds were 
located in the southwestern sector and northern sectors. 


Table 4. 4-1 presents the near-surface srea of Eddy 8B based on the analysis of 
the 21°C isotherm topography for Noveuber 1985 (3B, in the Table) as given in 
Figure 44-26, and three estimates of that area for the December 1985-January 
i986 period. These three estigates were based on subsequent data explained in 
the figure The area given by (Bj) is omly slightly larger than (8;), 
although they were derived from data that were collected 2-1/2 months apart. 
This similarity is because the analysis in Figure 4.4-7a does not present the 
entire northward and southward extent of the eddy. The estimated area (85) 
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Analysis of the topography (a) of the 21°C temperature 
surface from data collected in the peried ef January 2) 
through February 5, 1986 
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Figure 4 4-8 Path ef Drifters 3353 (1), 3495 (2) amd@d 3378 (3) im the 

period of December 1985 through January 1986 Selid lines 

represent pesition data used te develep the current fieid 

dashed lines represent omitted data (See teat fer 

further explanation) 
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Figure 4 4-8b-+« b) Umit weeters depicting the flew field near the surface 


Gerived from the Grifter data in Figure 4 4-8a and (c) 
Leetechs of surface current speed (ce sec’ *) derived free 
the drifter Gata in Figure 4 4-8 
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E3éy Area Ares Difference . 
—_ ) (=) 
5, )°* 87.6400 0 
8. * so. 700 3. 100 
By)** 108 . 500 20. 900 
a)? i272. 200 4. 700 
* area difference ka 7 5; - By 
** (By) the analysis ef the topography of the 21°C isothers for 


Seveaber 1985 (Figure 6.42), (By) the analysis of the topography of 
this 21°C isethers for January through February 1986 (Figure 44-7 

By) the drifters’ pethe in Figure 4.4-8a and (By) the circulation 
field depicted in &.4-8b 


Table 4 4+] Neart-surfece area estiaates for téddy 8 


2146 met include the eres Gefined by Eady A te the south, whereas estiastec 
ares (8,) €i¢ include thet eres The letter twe estlastes suggest thet after 
tddy 8 enoeumtered the western slope. the surface ares of the eGéy increased 
by 24 to «08 Figures 4.4-2> and 4.4-7D cewesl the Gepth of the 21°C isethers 
et the eG¢y center as being D5e cleser te the surface im late January 1986 
them in Sevesber 165 Im thet peried, the area covered by the 1908 contour 
lime for the cgepth of the 21°C isethers Gecreased by +658 Simee the 190s 
cemtewr cowered 3°8 of the edéy’s ares in Sovesber, this suggested that 
upwelling and bherirental divergence could have scoounted for 40-708 of the 
imereaesed surface ares of the eddy The increased surface ares could alse be 
eccounteé for by intersection with Eééy A te the seuth Previously, such 
interactions hewe been noted by Vallcraft (1986) in mumerical experisents in 
cases when the initial cenditions were sisilar te these observed here (Figure 


- *~9) 


The data presented in Figure 4.4-8 were weed to caleulate the near-surface 
tistribution ef the vertical component of the relative vorticity (¢) end of 
the herizental compenent ef the divergence (3) in end srownd the edéy The 
vorticity and divergence were calculated using the fellewing expressions 


CBR = 
D-2-2 


Positive walwes of « reflect cyclonic vorticity, end negative values, 
anticyclonic verticity Pesitive walwes ef D reflect divergence. and negative 
valves, comvergence The results are presented in Figure 4 4-19 


The results ef the calculations shew « predoesinance of anticyclonic verticity 
‘Figure 4 4-108) ever the area that defined Eddy 8 with central walwes less 
then «4 « 10°° sec”* The secondary center of anticyclonic vorticity te the 
sowth of the prisary center with central values less than «2 « 10°° see : may 
be associated with Eddy A The positive (cyclonic) verticity te the west of 
the center of Eddy 8 with central valwes greater then 2 « 10°* see”* indicates 
a cyclonic perturbation lecated in thet region The center of gvetonie 
vorticity east of the eddy center (central walwes greater than 2? « 10°* see**) 
canmmet be associated with «a particular feature and is may be due te 
interpolation noise The divergence analysis (Figure 4 4-106) shows 
alternating tones of divergence (pesitive values) and convergence (negative 
vaives) but with comvergence characterizing gost of the central area of Eddy 8 
at thet tlme The path of Drifter 335) (Path 2) im Figure 4 4-84 indleates 
that the buey seved toward the center of Eédy B in wid te late January 1986, 


supporting the nmetion that ceomvergence characterized the central area of the 
eddy Guring this period 


The @rifter data aise reveal an aspect of the disturbed nature of Eddy 5 
after it eneewntered the western silepe wall Figure 4 4-1ll presents 
trajectories of Drifters 3353 and 3378 in the center of Eddy B during parts of 
December 1985 throwgh January 1986 it can be seen that during that period 
the Grifter paths Gesecribed ellipses, « significant change froe the circular 
path observed in November 1985 (Figure 4 4-3) Over the 2-senth peried, 
ellipse erientation changed rapidly im the firet half of December 1985. the 
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Figure 4 4-9 
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Max PLBTED VECTOR © 1.00 (@/5FC) 


Stauleted uwpper-layer flew fleld weing « muperical @edel in the 
Oulf ef Meatee fe Eepert@eent 68 (Valleraft, 1986) im whieh an 
eddy encountered the western wall The imitiael cemditionse in 
the western Gulf fer the mumertoai sleulation were identical te 
theee for thie study (L.e., @ week ed@y in the northwest corner 
and « weak eG@y south of 23°R) 
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Figure 44-1) 
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Stylized representation of the path of Drifters 3378 and 335) 
for the Deceaber 19685 through January 1986 period Path 1 
ecourred in the first half ef December 1965, Path 2 in the 
Last half eof December 1965, Path 3} im the first half of Janu- 
ary 1966 and Paths 46a and 4b in the last half of January 1986 
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major axis was oriented southeast to northwest (Ellipse 1); in the last half 
of December, south to north (Ellipse 2); in the first half of January 1986, 
south-southwest to north-northeast (Ellipse 3); and in the last half of 
January, southwest to northeast (Ellipses 4a and 4b). Ellipses 4a and 4b vere 
based on the paths of Drifters 3353 and 3378, respectively. which were in the 
center of the eddy at precisely the same tise. The ellipses described by the 
érifters’ paths in the last half of January are similar to that noted for the 
eédéy from the analysis of the 21°C isotherms topography (Figure 4.4-7b). The 
data show that the orientation of the ellipse rotated in an anticyclonic 
manner and that the speed of rotation (the angular velocity) was larger in 
Decesber than in January. The data also showed that the position of the 
eddy’s center changed significantly over the period with displacesents as 
large as 125 ke in a i5-day period. 


4.4.3 Surface Currents and Dynamics in the Western Gulf 
4.4.3.1 $37 and Path Dats 


After October 1985, Eddy B began to interact with the continental slope in the 
northwestern corner of the Gulf. Conditions for November 6 through 12, 1985 
are shown in Figure 4 3-234 (p. 97). Two drifters were in Eddy A while three 
others were in Eddy 5 The southern edge of the flow field of Eddy B was 
lecateé at 23°N, the seme latitude as the apparent northern edge of Eddy A. 
The northern edge of the influence of Eddy B is seen at <-27°N. These drifter 
Gata coincide well with the depth of the 8°C isothermal surface as determined 
from an AXBT survey for the period November 11 through 13, 1985 (Figure 4.4- 
12) and reveal that the eddy was being deformed along its northwestern edge. 
Finally, mote the characteristic bulge of the Loop Current (26°C isotherm) in 
Figure 4.}3-2}4 as it pushes northward inte the Gulf. This was the beginning 
of a new eddy (Eddy ©) which was shed from the Loop Current in January 1986. 


An interesting sequence of events followed after sid-November. Over the next 
2-ly2 gonths, Eddy B and Eddy A say have interacted significantly. The 
sequence begins with conditions from November 13 throws 19, 1985 (Figure 
&.3-23>, p. 98) Eddy 8B is seen to be quite large, with drifter sotion 
implying a radius of at least 200 ke. Eddy A is about half as large. in the 
following week's SST map (Figure 4.3-23c, p. 98), Eddy B is still seen to be 
quite circular, with the so-ement of Drifter 5678 being northward along « 
tongue of 26°C water Also mote that Drifter 3353 had left Eddy A to move 
northeastward along the same curvature as the southwestern section of Eddy 8B. 
Over the next ) weeks, this drifter made «a slow cyclonic loop near the Mexican 
coast at «24° During the same period, Drifter 5678 continued soving 
north-northeast along the western edge of Eddy B and reached 28°N. 


The conditions of December 1. through 17, 1985 (Figure 4.3-234, p. 99) show « 
very energetic systes The Leop Current had extended far into the central 
Gulf Both of the drifters that had been in Eddy A were moving northward 
alomg the west side of Eddy B. A tongue of 24°C water had extended well north 
of the center of Eddy B (by 320 ks) Drifter 5678 abruptly turned southward 
along the northern edge of this 24°C water gass. By December 22 to 28, 1985 
(Figure 4.3-2)e, p. 99%), the flow field became even better organized. A 
Latge tongue of 24°C water extended from Eddy A (22.5°N) to 27.5°N. The four 
Grifters moved along or within this water gass in an anticyclonic sanner 


By mid-January 1986, this large, highly elliptical anticyclone apparently 
began a process of consolidation The SST map of January 7 through 13, 1986 
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Figure 4 4-12 


Topography of the 86°C temperature surface from the AXET survey 


of November 11-13. 
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(Figure 4.4-l}a) shows southern sovement of the center of rotation and the 
beginning of a cyclonic feature. This cyclonic feature is seen as 4 szall 
perturbation along the northwestern edge of a tongue of 23°C water extending 
from 22.5°N. Im addition, the recently-shed Eddy C is easily discerned as a 
24°C water sass in the central Gulf. From this, it would appear that Drifter 
5678 had been affected by the flow field of this new eddy. 


Within a week (Figure 4.4-13b), the center of rotation for Drifters 3378, 
3353 and 5495 had soved to -24°N with Eddy B's southern edge reaching at least 
to 22.5°H. The meander in the tongue of 23°C water had become quite 
extensive By January 22 through 28, 1986 (Figure 4.4-l3c), the flow field 
had become such less elliptical, and a cyclonic feature to the northwest of 
the anticyclone became apparent in the SST data. <A hydrographic cruise was 
conducted during this period, from January 23 through February 5, 1986. The 
surface dynamic height field relative to 800s is shown in Figure 4.4-14. The 
cyclone-anticyclone pair is readily discerned, and the movements of the 
drifters are tightly coupled to this dynaszic topography. However, there is no 
suggestion of any remnants of Eddy A. 


4.4.3.2 Interaction with Eddy s 


After moving into deeper water and crossing the Gulf, Eddy 5B began inter- 
acting with the Gulf western boundary. This interaction consisted of 
deformation caused by the bathymetry and interaction with Eddy A. On 
approaching the northwestern corner of the Gulf, Eddy 3B underwent considerable 
deformation (Figure 4.4-15a). As a result, the eddy became more elongated but 
with a variable orientation of the ellipse (Figure 4.4-15b). Swirl speeds as 
detected by Drifter 3378 were of the order of 25 cm sec™*. 


Figure 4.3-23¢ (p. 98) shows that Eddy B had begun to interact with Eddy A at 
least as early as November 22 to 26, 1985. At the beginning of this inter- 
action, the elliptical ortentation of Eddy B was northwest to southeast with 
an eccentricity varying between two and five (Figure 4.4-15b). This changed 
abruptiy to a north to south orientation with an eccentricity as great as 
seven This corresponds to the time that a tongue of warm water penetrated 
far north over the Texas continental slope and shelf (Figure 4.3-2}e, p. 99). 
As the water cass became more consolidated (January 1986), the resulting 
anticycione took on a northeast to southwest orientation and became sore 
circular (Figure 4.4-15b) 


The hydrographic and SST data indicate that Eddy B had coalesced completely 
with Eddy A. The coalescence process had many of the same features as those 
reported by Lewis and Kirwan (1985). Divergence associated with eddy 
coalescence is implied in the kinematic analysis of Drifter 5495 (Figure 4.4- 
16). The drifter and SST data indicate that Eddy B took approximately 1 to 1- 
1/2 gwonths to extract and incorporate the waters of Eddy A. 


The 68°C isotherm data for January 2) to February 5, 1986 (Table 4.3-1, p. 96) 
indicate the extent of the coalescence process. The saximum depth of this 
isothers increased by 1008, and the voluge of water between the 8°C and 15°C 
surfaces decreased slightly. The implication is that the coalescence process 
consisted substantially of the influx of warmer water from the south. These 


waters converged at the surface of Eddy B, resulting in the depression of 
isotherms 
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Figure 4.4-l}a. SST data (°C) for 7-13 January 1986. Shorter arrows denote the flow at the edges 
of Eddy B while dotted lines indicate the locations of eddy waters (based on XBT 
Gata). The drifter trajectories, shown by arrows, are identified in Teble 2.2-1 
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Figure 4 4-14 


Surface dynasic topography (ce) with respect te 8008 free the 
B/O ALTAIR survey of January 2) through February 5, 1986 


'* F 7 9 


,* FY YS 


rey 


» 


Late gevity ea* eee 


, 


40 ‘ 


: 
vere vuet™ 
; . = 


100 


Twiian Deye 


19e* 


> o 
~ , ee 


pbs as ds seats wee eee eee 


330 560 oC 
iiian Da > ;3e° 
Figure «& «| *) Nermel deformation rere sighteet line). shee: Gefermetion rere serter line 
ond werticity (dertece ‘ie ) fer fade 6 >) Time Bieterios fee EM@ Ge femtriciry 
eeterie®) ent geler ents er lentetion (deehed line) for fade 6 Por the flee fieie 


©F Lemtet i ow "erTen is ie 


PeSitive tige @i reetias 


the peeitive 


Crremtricity Cireetion ene 


seer if if he 


PERIOD OF NET DIVERGENCE 
a 1 ! 
| : 
* i i 
o VV/\ [\ /\ TaN 
> oO 
-1lE-5 + + + + 
300 315 330 345 360 
JULIAN DAY (1985) 


Figure « 4-16. Divergence for Eddy A during the coalescing with Eddy 5 
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444 By@regraphic Ouatacterizalions 


4.4.4.1 ARES Surrey (Sevesber 1985) 


The AKET flight sampled Eddy 8 rapidly with good spatial reselution just as 
the edéy began interacting with the topography in the northwestern corner of 
the Gulf of Mexico Therefore, comsiderable weight aay be given te the 
details of the structure of the observed temperature field. Figure 4 4-17 
shows the 8°C. 15°C emé 21°C tompereture surfaces, contoured by computer. The 
southeastern part of Eddy 8 is relatively circular. The Geviation from axial 
symmetry om the northern end western sides decreases upward, suggesting that 
the effects of topographic interaction on Eddy B take tise te propagate upward 
through the therpecline The perturbetions ere greatest along Line A which 
runs free northwest te southeast. A possible cyclone, which was identified in 
Section 4.2 (p. 51). te Gefined im the horizontal contour plets prisarily by 
the data of the northwest portion of this lime. Figure 4.4-18 is the vertical 
temperature section alenmg Line A A cyclone aay be associated with the done 
in the isotherms centered at Station ? Although the distertion ef the 
overall shape of Eddy 8 decreased wpward (Figure 4.4-17), the dome in the 
isotheras of the such smaller scale feature (4 possible cyclone) extends te 
the top of the thermocline and breedens above 12°C Between 6°C and 12°C 
there is a trough in the leotheras centered at Station 6 that indicates an 
eddy 


Beth the topography of @°C (cf. Figures 4.2-3, p. 53, améd 4.26, p. 537) and 
vertical temperature sections (cf. Figures 4 2-4, p. 3%, and 44-18) suggest 
thet the isetheras observed Guring the AXET survey were systematically 
sosewhat shallower than these in Octeber by abowt 508 in the central part eof 
tééy 8. but mneot in the eouter parts At the tep eof the thermeciine the 275°C 
isothers was aise shallower in Nevwember then in October. Near the surface in 
the center of Eddy 8 the water was still slightly coeler than the outer parts 
but net as strongly se as in October 


A gap of the dynamic height at 1508 relative te 6508, computed using the AXBT 
Gata and the temperature-salinity relation derived from the CTD surveys 
(Section 3.3.2. p. 41), te pletted im Figure 4 4-19 The dynamic height map 
is smoother then the saps eof individual isethermal surfaces because of the 
vertical integration inmvelved in computing d¢ynamic height, and thus it sere 
clearly exhibits the principel features already noted: Eddy 8B is relatively 
circular te the southeast and distorted te the northwest, lobes protrude to 
the west and nerth, and related cyclones and anticyelenmes are weak but 
clearly visible Bete that the aap of dynamic height is sieller te the hand- 
contoured, and thus subjectively smeethed, sep of the §°C surface in Figure 
&.2°6 (p. 37) Maniqum herizental gradients eof the dynamic height fleld are 
typically ebeut 0.09 dynamic seters per 27.5 (i/6" of latitude). At 25.5°R 
this translates inte « welecity ef 52 om see'* at 1508 relative te 6308. Fer 
comparison, geestrophic velocities im Figure 43-18 (p. 89) wee « reference 
bevel of 9508; at 1508 ) Samer valves are about 70 om see *, and at 6508 they 
are about 19 oo sec” The shellewer reference level wndéerestinates 


geestrophic speed, but Figure 4.4-19 still ecerrectiy indicates where flew ts 
strong of weak 
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Topography of the 21°C temperature 
November 1985 AXET survey 
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Figure 4.4.18 Vertical section of temperature to 8008 slong Line A of the November 1485S Axe? 
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4.4.4.2 6/0 ALTAIR Bydregraphic Cruise (lamuary 2) te February 3.12996) 
4.4.4.2.1 Temperature 


Figure 4.4-20 shows the 686°C, 15°C amd 21°C temperature surfaces for the XBT 
data collected during the 3/0 ALTAIR hydrographic cruise. Eddy 5B is now very 
elliptical with «en aspect ratic of sbout two. The gajor axis roughly 
parallels the 20008 isobath. At 68°C its core lies slightly east of the 2000s 
isobath, so all eof the flew on the western side of Eddy 8B occurs over the 
continental slope between the 2008 and 20008 isobsths. At 15°C and 21°C the 
core is lecatec progressively farther offshore, which seans that the vertical 
axis of the core tilts eastward. Despite the difference in shape, the core of 
Eddy 8 seems to be about the same size as in November, but its overall size in 
late January is smaller (cf. Figures 4.4-17 and 4.4-20). 


In order to quantify the change in size, a digitizing planimeter was used to 
measure the areas of Eddy B inside the 550, 600, 650, 700 and 7508 contours 
of the 6°C temperature surfaces for the October, Novesber, January and April 
surveys of Eddy 5 (the seasurements were sade om hand-contoured Figures 4.2-3, 
p. 33; 4.2-6, p. 57; 4.2-8, p. 39 amd &.2-11, p. 63). The results, listed in 
Table 4.4-2, suggest the following conclusions. The deep core of Eddy 5 
contained inside the 6008 contewr remained constant during the 5 sonths fros 
October 1985 through January 1986. Outside this contour the structure of the 
eddy eroded so that by January contours shallower than 6008 no longer closed 
around it. The areas of contours deeper than 6008 pulsated, which suggests 
vertical motion in the core and horizontal convergence/divergence at other 
layers. After January the eddy decayed sore rapidly se that by April 1986 the 
deep structure was about half its size in January. 


Figure 4.4-2] shows a vertical temperature section along Line I, which passes 
through the centers of Eddy B and a paired cyclone (Eddy 7). One can see the 
decay in the strength of the upper part of Eddy B by comparing this figure 
with Figure 4.2-4 (p. 54) from the October 1985 survey. in January, isotherms 
above 12°C are shallower (e.g., 20°C) than in October. In fact, above 15°C 
they dome slightly, suggesting some lateral convergence at the base of the 
thermocline. This behavior is typical of decaying eddies. 


Eddy i, on the other hand, intensified greatly during the 2 and 1/2 months 
between the November and January surveys. The doming isotherms in Figure 4 4- 
2. show it to be « deep large feature with « dlameter of abowt 200 ke. The 
curvature of the isotherms is greatest below 10°C; above 15°C, they are flat. 
Figure 4.4-20 shows that Eddy Z lies entirely over the continental slepe 
between the 2008 end 20008 isebeths. The vertical axis of its core tilts 
southeastward fros bettos te top. 


4.4.4.2.2 Galinity 


The strength and distribution of the subsurface salinity saximus of Subtrop- 
leal Underwater observed in January Gemonstrates how little the central core 
of Eddy 8 was affected by mixing processes during the 7 sonths since being 
shed by the Leop Current Figure 4.4-22 is @ vertical transect of salinity 
using CTD stations aleng Lime I. (See Section 2.3.4, p. 22, for the lecetions 
of the stations) Values greater than 36.6 ppt occur in « layer 808 thick 
just above 2008 in the center of Eddy B and stretch from Station 88 te Station 
138, a Gistance of more than 150 ke. Vertical salinity transects slong Lines 
D and F are shown in Figure 4.4-23. These lines run perpendicular te beth the 
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Figure 4 4-204 


Teopegraphy of the 68°C temperature surface based om XBT data 
colle ted during the Janwary 1986 B/O ALTAIR cruise 
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Figure 4.4-20c. Tepegraphy ef the 21°C temperature surface based on XBT data 
collected éuring the January 1986 B/O ALTAIR cruise 
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Cruise 7308 7008 650s 6008 $508 


October 1985 1.3 9.0 26.0 $9.0 97.0 
November 1965 9.9 2.7 246.0 48.0 $5.0 
January 1986 2.6 78 17.0 $0.0 
April 1986 0.3 2.4 8.1 24.0 


Table 44-2. Areas (10° ta*) of Eddy 8 inside the given contours of the 
topography of the 68°C temperature surface 
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Figure 44-21 Vertical section of temperature te 8008 slong Line | of the January 1986 8/0 ALTAIR 
cruise, pessing through the centers of Eddy 8 and Eddy 2 (based on EBT data) 
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coast and the gajor axis of the eddy and demonstrate the structure of the high 
salinity core. Im Line F (Figure 4.4-23b) it is gore than 150 ke wide and 
extends almost onto the continental shelf. Figure 4.4-24 shows the salinity 
at 2008, which is slightly below the core of the saxisus. The 36.6 ppt 
contour gives « good idea of the lateral extent of the high salinity water. 


To see the change in time of the vertical position and extent of the high 
salinity core, compare Figure 4.4-234 with the vertical salinity section from 
the October 1985 cruise (Figure 43-14, p. 8&5) Like the isotheras, the 
isohalines in the upper part of the eddy in January are shallower by about 
100e and less concave. The subsurface saxioum is sbout 40m thinner and flat 
on the top because of vertical aixing. The winter surface mixed layer is 
about 150m thick in both cases. Thus the rising high salinity core is 
gradually eroded at its top as the eddy decays. Elliott (1979) found this 
process to occur sore rapidly in the eddies he studied. It is possible, 
relatively speaking, that the winter of 1985-1986 was mild, thus increasing 
the longevity of the subsurface salinity saxicus. 


At the surface at the western end of Line D (Figure 4.4-23a), there is low 
salinity water fvom the shelf that is being drawn off the shelf by the 
northeastward flow between Eddy Z and Eddy B. This shelf water is also 
visible in Figure 4.4-22. This was also seen in historical thermal imagery. 


Figure 4.4-25 shows the T-S plot for all CTD stations for the January 1986 5/0 
ALTAIR cruise. The plet forms a thin lime below 16°C. <Abowe it, the T-5 
relation broadens. The high salinity side (right) corresponds to stations in 
the center of Eddy 8B, and the low salinity side (left) to stations near the 
shelf. Figure 4.4-26 shows T-S diagrams for stations in (a) the center of 
the Loop Current in 1984, (b) the center of Eddy B in October 1985 and (c) the 
center of Eddy B in January 1986. These curves are identical below about 
22°C. Above it they differ only ‘nm the extent to which sixing has eroded the 
top of the salinity maxiaum. The figures also indicate the high quality of 
the data, since the data were collected on different cruises using different 
instruments. 


4.4.4.2.3 Butrients 


Figure 4.4-27 contains the vertical sections along Line I for: (a) dissolve 
oxygen, (b) silicate and (c) phosphate Figure 4.4-28 shows composite plots 
for all stations of sigma-t versus (a) silicate and (b) phosphate Oxygen 
values are greatest in the near-surface waters where values reach 5.0 “| - 
Oxygen content decreases with depth te « sini@um of less than 2.6 al 1°* near 
400m and then increases with depth Lowest valves occur in the centers of 
Eddy B and Eddy 7 Between thes, oxygen values in the sinioum layer are 
slightly elevated at Station 77, which is in the region of strong 
nertheastward flow Silicate valves increase monotonically from siniou 
values near the surface to maximum values of about 27 ug-at 1°! between 1000n 
and 12008 Sigma-t at the silicate maximus is 27.7 (Figure 4.4-28a) 
Phosphate values alse increase downward from the near surface to « saxioun 
between about 6008 and 800m. Sigma-t at the phosphate maximum is 27.4 (Figure 
4.4-28b). Phosphate values in the maxious layer are greatest north of Station 


176, but this may be an artifact caused by instrument drift since the values 
Gecrease with increasing station number 
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(a) Stetion 254 in the Leep Current free an eastern Gulf cruise 


in May 1984 end (6) Stetion 20 in the center of Eddy 8 in Gcteber 1986 
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Figure 4 4+2/7a+b 


Vertical section of 


(a) disseived oxygen and (6) siillecate 


te 15008 depth aleng Line | fer January 1986 
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Figure 4 4-28 


Composite plete ef 
fer all date free the Jaenwary 1966 8/0 ALTAIB crutee 


(a) slileete vwerews signet end (6) pheephete werewse signe ' 


Te 


4.4.2.4 Toe Question of loterection between Lot: 4 and Boe; 3 


Figure 44-29 chews the trajectory of ARGOS Drifter 333) free the tise it was 
A te the end of the January 1986 8/0 ALTAIR crvuice after 
l rewelution erowst Baer A. it became entrained in @ cyclonic 
ene cytionic rewelwtion end then escaped becaming 
Dering the firet pert of January. the orbits of Drifter 
Ss (Figure 4.2-7. p. D8) passed as far south a6 29°5. near 
the pesition ef Eaé@y A in Bevenber 1°85 The behevier of the Grifters and 
see surface tempersture petterne suggest « serging of the eddies | Seetion 
44.3, p. 92). Tale te highly epeculetive since there are ne subourtece 
by@regrephic cbeervetions in the region eof Eady A before of after the 
hypothesized ewent The origins) structure and byéregraphic properties ef Lady 
A ere ethmewn. on6 after Drifter 33733 left it in Bewenber there is te 
information sbhewt ite leeetion of ite exietence tome of the aeterial printed 
abeve afgues ageinet « serging. it hes been shown in thie section thet the 
deep core of Eady 8 was reletively cometent in size through Jemuary end thet 
ite evwter pert eetuslly ereded away in the weper pert eof ta@y 8 the 
structure of the core eof high selinity sise indicates neo change except thet 
gue te wery greGeusl Gieing ot the bese of the sived lever A merging of 
tééies 4 ant 8 would ceoee te heave te coour in the eppert periphery if it 
ecourreéd Drifter date is consistent with this 


During the ecconmd deployment peried the exrperigent yielded data in the upper 
lever et °e et Seerings QO and T (Figure 4 4-30) Vith ineight previded by 
the infermetion free Drifter 3378 (Figures 4.25, p. 36) &.2°7, Bp. Wy &.26%, 
>. 6h emt & 2-10. p. 62) and the twe surveys of Eady 8 (Figures 42-8. p 19 
om 4 2:11, p. 63), LO be easter te wen@eretend the petterne of epper lieve) 
currents then it wee for the firet Gepleyment peried, even though dete wae 
evelleble et sere lecetions Guring the firet deployment period fer example 
Guring the lest hell of Beweaber and the firet tealf of December, the center of 
bady 8 ley offshore of Mooring T and of elliptical sertiwerd extension is 
ingiceted, the flew was nertiwerd et Mooring T on the ed@@y's weet side and 
southward et Meeting Q om the east side ef the extension 


between gid December and late January, Bady 8 pressed cleeer te the slope and 
ite majer anie freteted slightiy cleekwlee The ewfrents et Meering T 
accelerated etromely reaching « sesique epeed at 1008 eof abowt 65 ce sec’* 
while et Meering Q they reteted countereloekwiee as the ellipticel extension 
pessed te the east side of the sooring Proe february te the end of the 
reeeré the eein pert ef Eady 8 sewed offelepe. then southward end thes beck 
tewerds the siepe te « point just sowth ef Meering T. The currents at Mooring 
7 seeordingly Geereased then increased end reteted clockwise eventuelly 
becesing eastward om the north side of Bady 8 At Mooring Q the currents 
reteted cieebwiee eas the elliptical estension retreated southward and retated 
siightiy cowntereloebwiee (ef. Figures 4 2-8, p. 39 and & 2-11, gp. 63) 


The curfente et Mooring Q give ne indicetion of behavior. euch a8 scowrred ot 
Mooring & Guring the first Gepleyuent peried (Figure 4 3-27, p. 205). thet 
would indicate the presence eof «@ cyelone Therefore. the eofigine eof the 
eyeleme indicated in the eurwey in eatly Sey are unknown 
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Figure 4.4-30. Stick plots of 40-hour, low-pessed currents et )008 at Moorings G and T for the 
second deployaent period. Vertically up (*¥) ts tewerds 30° 


The time-series of the second deployment period were joined to those of the 
first, where possible, and filtered with a 7-day, low-pass filter te present 
thes in « compact forms for comparison. Im Figure 4.4-31, which shows the 
current wecters in stick forms, vertically wp is alse towards 30°T. The 
currents in the lower layer Go not reflect to any great Cegree the influence 
of tle strong baroclinic flew in the upper layer associated with Eddy 5B 
except, perhaps, at Moorings T and PF at 1000 during late Decesber and early 
Jemuary (Days 360-380). The lower layer currents alse Go not exhibit such 
viewal correlation between soorings, suggesting that either the Gata sets 
have low signal-to-noise ratios or the observations are linearly independent. 


At any given instrument location, however, the tise-series of each deployment 
period are strikingly sisiler in nature. At Mooring FPF «at 1500s, fer 
instance, the currents are predominantly in the negative V direction and have 
a weak 40-day periodicity The currents «et 15008 at Mooring Q show « 
distinct clockwise rotation from the positive V direction. The currents at 
10008 et Mooring $ are weak throughout the record, and fluctuations cccur at 
a gross 20-day interval. Such self-sisilarity in the records suggests that 
the processes in the lower layer at 4 given location were the same during both 
deployment periods despite the differences in the strength and location of the 
baroclinic eddy events occurring in the upper layer. 


Figure 4.4-32 shows the time-series of temperature in the same format as 
Figure 4.4-31. The warming at 3008 at Mooring T from gid-Noveaber through 
early March (Days 320-435) reflects the persistent presence of Eddy 5B. 
Figures 4.4-32 and 4.4-}3) show the effect of the northward elongation of Eddy 
B at 10008 at Mooring FP as elevated teaperature valves from Novesber 721 
through January 25 (Days 325-390). The temperature records at 10008 reveal 
two events that propagated along the continental slepe. (They are marked in 
Figure 4.4-32 by dashed lines). The first began at Mooring T on Novemsber 4 
(Day 308), when the teagperature rose to « gaxiaus and then moved past Mooring 
5, reaching Mooring P on December 2 (Day 336), which translates inte a rate of 
6.6 km day'*. The source of the event can be seen in Figure 4.2-6 (p. 57) as 
the lobe protruding westward towards Mooring 5. The second event was caused 
by the southward sovement of Eddy 2 that caused temperature te decrease, 
reaching « sinious first at Mooring FP on February 26 {Day 422) and finally at 
Mooring T om March 2) (Day 447), @ rate of 7.6 km day” 


As dGuring the first deployment period, the currents of the second period 
frequently exhibit persistent periods of strong inertial oscillation. Tv 
emphasize this characteristic, the time-series from Mooring FP at 10008 are 
shown in Figure 4.4.3) (im the same format as Figure 4.3-33, p. 113). Again, 
it is mot clear what excites the oscillations, but eddies are the principal 
forcing sechaniss in the study region and an obvious candidate. As an 
example of one line of investigation that future analyses of the data aight 
take, it is noted that Cushman-Reoisin (1987) studied the exact analytical 
solutions for « highly idealized sedel of elliptical ware eddies and found, 
among other modes, 4 pulsating sgode in which the vertex alternatively 


contracts and deepens and then expands and shallows The frequency of the 
pulsation is exactly inertial. 


&.4.5.2 Basic Characteristics of the Velocity Fields 

Statistics of the time-series Guring the second deployment period are listed 
im Table 4.4-3. At the 3008 and 1000m levels, the weetors reflect the effects 
of the clockwise rotation of Eddy 8 that resided in the region for }-4 sonths 
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Figure 4.4-31 Stick plete of /-day, leow-pessed currents et Heoorings T (3008 and 10008), § (10008), 
P (10008 end 15008), end Q (3008 end 15000) for both deployment periods coabined 
Vertically up (+¥) te towards 30° 
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Figure 4.4-32 


Plets of /-day, 
(10008 end 15008), 


low- passed temperature et Moorings T (3008 and 10008), 
end Q (30008 end 15008) for beth deployment periods coabined 


5 (10008), 
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Figure 44-3) 


i eal - — — 


Time-sertes plete of 40-hour, lew passed stick weeters, end }-howr (light line) end 
40-hour (heevy line), low-peseed U end V components end temperature for the second 
deployment period et Mooring F at (0008. Vertically up (*¥) te toward 30° 
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Table 4 4&3 basic etatietios of the 0 ant ¥ components ef current and of 
teapereture over the evellable record lengths at Moorings PF 
0. 5 ent T for the second depleyeent period: Geteber 22, 1985 
through May i. 1986 


ef the Gepleveent period At 190008 the eeam flew et Beoeorings F ane © is 
parallel te the tepegraphy and is Girected southwest, just as it was Guring 
the firet Gepleywent peried (Figure 43-3. p. 115) 


The retic of the werlence of the U end VY components ot Booring Ff in the lower 
lever alee reflects topegraphic steering. At Moorings QO. 5 and Tf, 
the compenent waerlences ore sisiler in sagnitude, unlike these of the first 


period im the wroper lever the VY compenent is twice the © component at 
Reoring ©. while the eppesite is true et Rooring T 


As tllwetreted im Table 4.4-3, the fatic of 40-hour, lew pase Kinetic energy 
te }-hewr, lew pase kinetic energy te lees for inetruments ot depths of 10008 
of greeter om seorings pleced on of near the 20008 ieebeth. During the first 
éepleyeent. the prepertion ef kimetic energy et periods sherter then +0 hours 
wes less then Guring the second Gepleyeent becouse the inertial peried 
fluetustions were gore vigorous Guring the second éepleysent when Lady 5 was 
cleser te the seorings 


* 4.5.) Expeguency Domsln Descristicn 
4.5.3.1 Qubespectzs 


awtespectra of U amd VY components ef current velecity and teapereture for 
Mooring QO et 2008 and 15008 are shown in Figure 44-35. The spectra fellew 
the pattern etated im Seetion 4.3.5.3 (p. 116) Mimer peeks ecewr fer aii 
three components et periods eof 3-5 days and 5-10 days in the teapereture 
spectra, the waerlenee sear the diurnal peried te guch weaker then for the 
firet Gepleywent peried. devieting free the pettern seosewhet The kinetic 
energy et 15008 ie wmiferely shewt one order of gagnitude less then thet at 
2008 (nete the decade offeet) The sutespectra of the other tise series free 
the second deployment peried ere briefly described, but plets are net shewn 
because of their sisiierity te Figure 44-35 and te the first deploveent 
period 


The eutespectrus ef the U component et 15008 at Mooring F shows muserous 
peaks et periods ef 2-10 days, but fluctuations corresponding te thee in the 
tiee Gomein (Figure 4 4-31) afe et apparent because theif amplitudes are 
email compared te these ef the V component On the other hend, the leng 
peried flwetwusetions on the erder of 40 Gays in the VY component, neted in the 
time-domain diseussion, are net reedily apperent in the sutespectrus, except 
a6 @ pietese, because they are net quite periodic and the record length te 
omiy i? days Energy seer the diwrnsl peried is, a6 Guring the firet 
deployment. very high The tegpereture seuteepectra at beth the 10008 and 
15008 lewele ere sieller te these of the firet depleynent 


As the tise series plete (Figures 4.4-3) and 4.4°32) would suggest. the 
eutespectra of UV. ¥ and T at 10008 et Mooring § are similar te these of the 
firet deployment period The eutespectra of VU. VY and T ot beth lewele at 
Mooring | fellew the pettern, Geereasing by three orders of magnitude as 
petied Geeteases ané rising by one te twe orders neat the diurnal peried, 
except fer temperature at 008 


$.4.5.3.2 Rotary Spectres 


Figure 4 4-36 shows the fretery spectre et 10008 fer all three seorings slong 
the continental silepe The Gesinent feature is the large amount of inertia) 
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Figure & 4.75 Spectre fer Meering QO et 10008 end 15008 (6) U welecity oomperments. (6b) V welecity 
components emt (¢) temperature fer the 171-dey perted beginning Geteber 772. 1985 
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Figure 4 4-4 


Rotary spectra emphasizing the inertial energy at 10008 fer 
Moorings 7. 5 and T using )-heowr, lew-passed currents for the 
Lii-day perled beginning October 22, 1985. DSashed line is 
clockwise component 


energy im « broed bend near the diurnal period. Tidal components are very 
much emsller than the inertial signal The inertial peak is highest at 
Mooring P where it is as great as the long-period variance, and it is only 
slightly emaller a: Moorings S$ and T. Although ic is difficult to estinate 
energy content by viewally integrating under the curve on « logarithmic scale, 
it is clear that the energy of the inertial sotion is « substantial fraction 
of the tetel variance 


Figures 4.4-37, 4.438 and 4.4-39 show the rotary spectra for the above 
moorings at periods longer than 2 days, plotted to the same scale that is used 
later in the rotary cross-spectral analysis of pairs of vector series. In all 
three there is « CC¥ peak at periods of 10-12 days. Motion is elliptical at 
periods longer than abeut 20 days, CCW at Mooring T and C¥ at Moorings P 

and © 


4.4.5.3.3 Vertical and Morizental Coberence 


Information abewt vertical coherence between the upper and lower layers is 
available only for Moorings Q end T. Between 3008 and 1500e at Mooring Q, 
the U components are weakly coherent at a period of 25 days with « phase not 
statistically different from sere, and the V components are incoherent. The 
temperatures are coherent only at « peried of 4 days (0.25 cycles per day) 
with « phase of 180° between 3008 and 10008 at Mooring T (Figure 4.4-40), 
the U components are strongly coherent at periods longer than about 15 days 
(0.07 cycles per day), with sere phase lag. At periods longer than 12 days, 
the VY compenents exhibit coherence, albeit weaker. Temperatures are not 
coherent. For the lower layer at Mooring FP, the U components at 10008 and 
1500m «are weakly coherent at periods near 10 and 25 days, while the V 
components are strongly se at periods near 5 and 25 days. 


Currerts but net temperstures are coherent horizontally et periods near 25 
Gays Setween Moorings FP and Q at 15008 (Figure 4.4-41). At 300m the U 
components of Moorings Q and T are weakly coherent at a period of 25 days, but 
net the V comgpenents or temperatures 


Between Moorings 5 end FP at 10008, beth currents and temperatures are 
incoherent in the Cartesian representation at the 95% significance level. 
Coherence was alse computed by the retary methed, and weak coherence was 
in@ieated oni, if the significance level was lowered to 908. 


Between Moorings 5 and T at the same level, the U components are coherent at « 
period of 10 days, and the VY components are coherent at periods of 3-5 days 
and 9-14 days (Figures 44-424 and 6b). Temperatures exhibit strong coherence 
at « period ef 25 days (Figure 4.4-42¢). The rotary sethed (Figure 4. 4-43) 
aise finds coherences at period of 3-5 days and 9-14 days. 


Finally, at the largest separation, between Moorings FP and T, the rotary 
cross spectra shew seme coherence at periods between 30 and 50 days (0.0) and 
0.02 cycles per day), 10 days and 3-5 days (Figure 4.4-44), even though 
Moorings F and 5 are basically coherent. <Alse, recall thet during the first 


deployment period, coherence was found between Moorings F and $ but not 
between Moorings § and T 


Te recapitulate, the tlae-serles records at any given lecation in the lower 
layer are self-similar ever the combined deployment periods, based on 
quaiitetive comperieens in the tlee dessin end on the structure of the 
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Figure 4 4-3). Retary spectra et 10008 fer Mooring F using 40-hour, 


low-passed currents fer the 186-day period beginning October 
26, 198) 
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Figure 4 4 38 Rotary spectra at 10008 fer Mooring S$ using 40-hour 


Low-passed currents for the 186-day period beginning October 
2s, 1985 
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Figure 4. 4-39. Retery spectra at 10008 for Mooring T using 40-hour 
Low-peseed currents for the 186-4« ried ) 
ton a beginning Octebder 
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Figure 44-40. Vertical, cross-epectral coherence end phase at Mooring T between 30008 and 10000 
(a) U components of velocity, (b) VY components of velocity end (c) temperature for 
the 164-day period beginning Getober 26, 1985. 
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Figure 44-41 
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Heorizental, cress spectral coherence end phase et 15008 between Moorings Q end P 


(se) © component of velocity, (6) ¥ component of velocity end (ce) teapereture for 
184-day period beginning October 26, 1985 
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Figure 4 4-42. Herlisentel, cross epectrel coherence end phase ot 10000 between Moorings § and T 
(oe) U component eof welecity, (6) ¥ component eof welecity end (c) teapereture for the 
184-day period beginning Geteber 26, 1985 eC 
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Figure 4 4-4). Betery cress spectral coherence end phase ot 15°08 between Boorings § and T (a) 
outer phese end coherence end (6) loner phase end coherence See teat for 
eeplenetion of retary sethed 
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Figure 4.4-446 


Rotary cross-spectral coherence and phase at 1000m between Moorings P and T: (a) 
inner phase and coherence and (b) outer phase anc coherence See text for 
explanation of rotary method Joa. 
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autospectra. This suggests that at a given location the same processes are 
at work during both deployment periods, despite the differences in the 
locations and strengths of the eddies active in the upper layer. Between 
locations, however, there are significant differences in the nature of the 
flow, as reflected in the often weak and frequently nonexistent coherence. 
Coherence, when it is significant, is usually confined to periods of 3-5 days, 
9-14 days and 25 days. The most consistent feature of the time-series is the 
large fraction of variance or energy contributed by oscillations with 4 near- 
inertial period. 


4.5. Eddy Reflection and Dissipation 
4.5.1 Introduction 


Following the previous period of substantial eddy-slope interaction, the 
anticyclone-cyclone pair moved away from and then back toward the slope. The 
surface flow field appeared to become less well organized and the overall 
energy of the eddy pair disinished with tise. 


4.5.2 Surface and Near-Surface Currents 
4.5.2.1 Sea-Surfece Temperature and Surface Processes 


This section presents satellite SST data combined with jnp-sgity data in 
February and March 1986 when the eddy moved away from the western wall of the 
Gulf. The SST pattern for late February 1986 (Figure 4.5-1) shows that Eddy C 
which separated from the Loop Current in January had penetrated further into 
the western Gulf. The center of Eddy C was at approximately 25.2°N, 90.0°WV. 
The SST pattern in the western Gulf more clearly indicates that there were two 
eddies in that region. A warm-core eddy (W) was located in the northwestern 
corner of the Gulf, centered at 27.0°N, 95.6°W, which is defined by the closed 
20°C isotherms in that region. The second eddy (Eddy 8) was found iamediately 
to the south, and the sea-surface isotherm patterns suggest tht it was 
centered at about 24.8°N, 95.2°W, east of the late January position (Section 
4.4.2, p. 138). The sea-surfece isotherm pattern suggested that Eddy 8B was 
elliptic in shape and that the major axis was oriented east to west. At this 
time, there was no indication from the available data that Eddy A was in the 
southern part of the western Gulf. 


There also was no indication in the satellite SST pattern for February of a 
cyclonic perturbation. A cyclonic shear zone should have existed between the 
warm water masses (Eddy 8 and warm water to the north). A temperature 
section (Figure 4.5-2) from hydrographic data collected on February 13 and 14, 
1986, however, indicates the presence of a cold dome feature centered at 
approximately 26.5°N, 95.8°W (i.e., in the cyclonic shear zone between the two 
warms eddies noted ir Figure 4.5-1). It is not clear that this cold dome is 


the cyclonic perturbation previously noted or simply a manifestation of the 
shear zone. 


The satellite SST analyses also indicate the presence of a cold lens (C) 
centered at approximacely 24.0°N, 94.4°W. This may be the same lens noted in 
Jamuary (Figure 4.4-6, p. 141). The configuration of this lens suggests that 


it was associated with a cyclonic perturbation; however, no in-sgity evidence 
was available to confira this notion. 


203 


2? FES 886 


Ny ws: 
a EDDYC 
fi. , : ‘ - 


a2 Pe i yr. LB 


Figure 4 $.] WOAA-9 SST (°C) analysis in the western Gulf of Mexico for 
February 27, 1986 
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The satellite SST analysis for late Mzrch 1986 (Figure 4.5-3) shows a broad 
warm zone having temperatures greater than 23°C in the eastern portion of the 
analysis This is Eddy C, which separated from the Loop Current in January 
1986. The warmest waters, having temperatures greater than 24°C, were located 
in the southern portion of this warm zone and it is believed that Eddy C was 
embedded in that portion of the zone. The SST analyses suggest that there say 
have been another warm feature immediately north of that eddy. 


A tongue of warm water (T) emanated from the region occupied by Eddy 8B and 
extended into the northwestern Gulf (Figure 4.5-3) The orientation of this 
tongue suggests anticyclonic motion, advecting warm water into that region. 
There was no indication in the SST pattern of any of the cyclonic 
perturbations previously detected. 


Figure 4.5-4 is a representation of the flow field near the surface at the 
center of Eddy 83 from February 1 to March 31, 1986 that is based on drifter 
position data from Drifters 3353 and 3378. The near-surface flow field 
remained elliptically shaped during this period. The center of the ellipse 
moved smoothly in a southeasterly direction with displacements of not such 
more than 30 kaw in 15 days. Furthermore, the orientation of the ellipse 
changed from mnortheast-southvest to southeast-northwest, maintaining an 
anticyclonic rotation about the gsajor axis. The rotational displacements of 
the major axis during this period were not as large as those noted in the 
December 1985 through January 1986 period (Figure 4.4-l1, p. 151). This 
evidence suggests that any oscillations that were set up by the eddy’s 
encounter with the western slope had dampened considerably. 


6.5.2.2 SST and Path Data 


For 3 and 1/2 months (February to mid-May 1986), Eddy B was located off the 
Mexican coast Maximum swirl speeds were 75 cm sec”* at a radius of 80 ka, 
but this occurred in mid-February 1986. During March through May, Eddy B 
became less energetic and less well organized. By late February 1986 (Figure 
4.5-5a), Eddy B had moved eastward, and Drifter 5678 had become entrained in 
the flow field of Eddy C. Over the next 2 weeks, Eddy 8B became quite 
elliptical as Eddy C approached. Conditions for March 12 to 18, 1986 (Figure 
«.5-5b) show a distinct east-west elongation for the flow field of Eddy 8B. 
The motion of Drifter 5678 indicates the extent of Eddy C, a relatively large 
eddy These data suggest that the flow fields of the two eddies may have 
begun to interact. 


Eddy © continued moving southwestward across the deepest regions of the Gulf. 
The flow field of the older Eddy 3B became irregular, as depicted for March 19 
through 25, 1986 shown in Figure 4.5-6a. At that time, Eddy 8 appeared to 
have moved even further offshore, becoming elongated in «a north-south 
direction. Over the next 3 weeks, neither Drifter 3378 nor Drifter 3353 
revealed any organized anticyclonic flow in the western Gulf. By April 16 
through 22, 1986 (Figure 4.5-6b), the center of Eddy C had reached 25.0°N, 
91.0°V Drifters 3353 and 5678 appeared influenced by the newer eddy’s 
western and morthern flow fields, respectively, and Drifter 3378 was moving 
south into the Campeche Bay region. 


A set of XBT data were collected in the western Gulf during the period of 
April 26 through May 14, 1986. The depth of the 8°C isotherm is shown in 
Figure 45-7 The results indicate a smaller but stili intense anticyclone- 
cyclone pair centered at about 24.0°N, 95.5°W. Drifter 3378, however, sade a 
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Figure 4 5.3 NOAA-9 SST (°C) analysis in the western Gulf of Mexico for 
March 28, 1986 
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figure “ 4 
Guring the period of February through March 1986 Path | 
Path 2 in the last half 


eceurred in the firet half of February. 
f February, Path 3} im the first half of March and Path 4 in 
the last half of March See text for further information 
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for: (a) February 26 through March 4, 1986 and 
18, 1986 The drifter trajectories, shown by 
identified in Table 2.2-1 
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Figure 4 5-64 SST data (°C) for: (a) March 19-25, 1986 and (b) April i622, 


1986 Shorter arrows denote the flew at the edges of Eddy 5 
while detted Lines indicate the lecations of eddy waters (dased 


on XBT data) The Grifter trajectories, shown by arrows, are 
identified in Table 2.2-+1 


TT 


~ ~ * ”“ * | a . a > ~ 
—ewe “4. ~~ i 56-U5.06 6 O05 7 ‘ ° - 
- oe a : 
: a * 7s * * 
™ ” 
4 " 
’ ; p/ 
\ * 
. > 
aM «© F 
> . , 
= 
. . , 
= * 
) ~ } “000m 
/ s Yor . - 
Ae : - > 
;. “a * 
: + + s 
: = ' . 
ai a< . me . 4 R 
° > “= «© 
amt : 
DA) Ae ne 
; "<€ 
4 »\ Ue , ° : 
_f . » ~ 
7 a oo.” - 
- . : 
ee. - 
. yo © 
7 - 
a ee" & 
— a * : = 
i : > y | 
-j ’ , 
: : '§ J 
_ 7 
% 
: ” ‘“— a 
‘ & s = 1 
” .* . : 
Md 
> 
] 
’ 
a - 
> — , 
* a ‘ a _* 
- 74 o- . 
* 
Figure «4 
| pograph yv f the 86°C ¢ 
emperature surfa 
ce da t? . 
sec on © ADTiA 


: ‘ ° . * ' ’ 7 
ay i .786 B70 ALTAIR LBT surveye 


-atge amticycionic icop im the western Gulf with no apparent relationship to 
the eubsuttace anticvelome indicated in the XBT data :t went as far south 
as <4.0°S, them sowed morthward along the western side of the aenticyclone- 
cyc.ome pair, finally curming eastward at about 25 $°N 


“5.3 Jemperature fields 


Figures 4.5-7 ané 45-8 show the 86°C, 15°C and 21°C temperature surfaces fron 
the FET data collected by the 8/0 ALTAIR on three seperate cruises Guring the 
petio’ April 26 te Mey le, 1986. at 86°C. Eééy 8 and a companion cyclone are 
still well Gefimed Eddy B is now located about one Gegree farther south than 
‘" J/amuaty, and most of its structure lies east of the 20008 isobath ok 
netes in Section «2 (p 49) and in the discussion ef Table 4 4-2? (p. 170) and 
Figure «5-7. the sise of Eééy B is about half that of Jamuaty. A trough in 
the §°C topegraphy extends northeastward fros the ceep core of Eddy 8 and 
vTaps atound the eastern and nerthern sides of the cyclone, iaplying elongated 
anticyclonic er cleckwise flew This trough separates the cyclone fros 
amet et Tegion te the north where there is alse cyclonic circulation. 


The cyclone (Eddy Z) is alse diminished in size but not a8 garkedly as Eddy 
8 The core of Eddy Z is on the 20008 isebsth. sco it has moved inte 
substantially deeper water compared te January The centers of Eddy § and 
idéy 2 are about 5) ke closer together than in Jamusry, primarily because of 
“he s@aller size of Eddy 8B Thus, the twe features are still strongly 
coupled 


At 15°C (Figure 4 5-8a), Eééy B is weakly defined ané its core is farther 
south Eddy Z is still evident. The deep and shallow regions north of Eddy 2 
are better defined then at 868°C. at 21°C (Figure 4.5.8b), Eddy B has the sane 
form as at i5°C Eddy 2 is mot well defined, but the anticyclonic feature to 
the north of it is quite evident 


Figure 45-9 shows « vertical temperature section along the north-seuth line 
chat passes through the center eof Eddy Z (“he second lime from the west in 
igure © 5-7). The section falls slightiy weet of the centers of Eddy & ana 
the festures morth ef Eddy 2. which emaggerates the strength of Eddy 2 
reiative te these other features Note that the isotherms abeve 11°C in Eddy 
B slope downward froe nerth te south This trend extends ecross most of the 
section in the shallewer layers it suggests « weak, lLatge- scale, 
anticycionic circulation superposed om the mesoscale eddy field. peesibly an 
indication of wind forcing 


“© Eddy Eddy Interaction (May 186 and Onward) 
*.6.. lotreducticn 


once in the western Culf and after having been substantially affected by the 
imteraction with the western Gulf slope, Eddy 8B came inte contact with Eddy ¢ 
which was shed by the Leep Current well after Eddy 8 The interaction eof 
these large energy and mass fields had « contreliing influence on circulation 
patterns im the central and western Gulf for fany months The gechanion for 
edady-eddy interaction is net readily apparent; however, there can be me doubt 
that the influence was substantial Presented below is @ discussion using 
available infermation Sete thet this episede relies primarily eon SOOP 
cruises and drifting buey date with Lisited historical satellite imagery in 
Suppert 
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Figure 4.5-9. Vertical section of temperature to 600m between Station 1 and Si ation 28 fer B/0 
ALTAIR XBT cruise AL-86-03 in April 1986 
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4.6.2 Suxface Currents 
4.6.2.1 Interaction with Eddy © 


At the time that Drifter 3378 turned eastward, a curious event which involved 
Eddy C occurred. Conditions for May 14 through 20, 1936 are shown in Figure 
4.6-la. As Drifter 3378 soved eastward, Drifter 3379 began to move towards 
the west at -24.0°N. At about 94.0°V, Drifter 3379 abruptly turned northward 
(Figure 4.6-lb) to complete the outline of an elongated ellipse with an 
east-west orientation. Drifter 3379 then continued its anticyclonic rotation, 
but Drifter 3378 kept moving eastward toward the Loop Current. By June 15 to 
21, 1986 (Figure 4.6-2), Drifter 3378 had moved northward around the Loop 
Current and had left the Gulf through the Florida Straits in sid-July 1986. 
Eddy C reached the Mexican coast at -24.0°N (Figure 4.6-34) 3 weeks later. At 
that time, Drifter 3379 began making large anticyclonic loops in the western 
Gulf (Figure 4.6-3b) and continued this type of motion through Auguste 1986. 
These loops covered al@ost 4° in latitude and longitude. An XBT survey vas 
conducted during August 17 through 22, 1986 (Figure 4.6-4), and the 68°C 
isothermal surface indicated a large, elongated anticyclone centered at about 
23.0°N. 


The XBT survey of April 26 through May 14, 1986 (Figure 4.5-7, p. 211) shows a 
distinct, closed, anticyclonic vortex in the western Gulf, the remnants of 
Eddy 8B. As Eddy C approached this vortex, Drifter 3378 made a large, 
anticyclonic loop and passed on the western side of the anticyclone shown in 
the XBT data. At this point, the two anticyclones began an interaction as 
Gepicted in Figure 4.6-1. The peculiar factor of this interaction was the 
elongated elliptical path taken by Drifter 3379. This “peanut*-shaped path 
had an east-west orientation, and the track occurred at the same tise as 
Drifter 3378 made a sharp eastward turn and began tracking eastward. This 
apparently is not an unusual phenomenon, being seen in the trajectories of two 
previous drifter-tracked Gulf eddies (Kirwan et al., 1984a and b; Lewis and 
Kirwan, 1985). The XBT data from August 16 through 22, 1986 (Figure 4.6-4) 
give some indication of an elongated, east-west anticyclone in the western 
Gulf. Although the depth of the 8°C isotherm was shallower relative to the 
previous survey (Table 4.3-1, p. 96), the volume of the anticyclone appears to 
have grown substantially. Thus, speculation is that the interaction of Eddies 
B and C resulted in some coalescence. 


The data set is not sufficiently extensive to determine how the two 
anticyclones gay have coalesced. However, during the earlier hypothesized 
coalescence of Eddies A and B there was no indication of the “peanut” 
phenomenon in any of the drifter trajectories. It is true, however, that 
exaggerated elliptical trajectories were possibly made during that process. 
The elongated ellipses occurring during the interaction of Eddy 8 and Eddy A 
went beyond and well north of the center of rotation of Eddy B. In the case 


of Eddy B and Eddy C, the “peanut* occurred in between the centers of 
rotation. 


The other form of coalescence for vortices of the same sign is the gradual 
Joining of streamlines as the eddies touch (Chang, 1983) In such a case, a 
more central streamline remains closed (around one center of rotation) until 
all outlying streamlines have merged with those of the other center of 
rotation. At that time, the streamlines can merge with the corresponding 
streamlines of the other vortex. The general shape of a recently merged 
streamline is that of a dumbbell or peanut. 
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Figure 46-1 


SST data (°C) fer: (a) May 14-20, 1986 and (b) May 18-24, 1986 
The drifter trajectories, shown by arrows, are identified in 
Table 2.2-1 
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Figure 4.6-2. SST data (°C) for June 15-21, 19866. The drifter trajectories, shown by arrows, are 
identified in Table 2.2-1 
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Figure 4.6-3. SST data (°C) for: (a) July 30 through August 5, 1966 and (bd) 
August 13-19, 1986 Shorter arrows denote the flow at the 
edges of Eddy 8 while dotted lines indicate the locations of 
eddy waters (based on XBT data) The drifter trajectories, 
shown by arrows, are identified in Table 2.2-1 
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4.6.3 Temperature Fields 


4.6.3.1 Consolidation of Eddies B and © 


Following separation from the Loop Current in February 1965, Eddy © soved 
westward and southwestward across the Gulf. A position of Eddy C relative to 
Eddy 8 is shown in Figure 4.6-5 which is based on data from a sequence of 53/0 
ALTAIR cruises in conjunction with temperature profiles taken from the EXXON 
JAMESTOWN. XBT’s released by the EXXON JAMESTOWN provided information to « 
depth of 4608 while the 8/0 ALTAIR obtained data to 760s. Conditions 
adjacent to the slope are best illustrated in Figure 4.5-7 (p. 211) which 
shows the 68°C isothera representation of the anticyclone-cyclone pair. Higher 
in the water column, the associated temperature patterns are not as well 
resolved. The data from Figure 4.5-7 were used to locate the general area of 
the paired sesoscale circulation patterns in Figure 4.6-5. Figure 4.6-5 also 
shows that Eddy © hed soved to the southwest after soving westward past the 
Yucatan shelf and slope. From these various data sets, it would appear that 
Eddies 8 and C were at approximately the same latitude with their centers 
separated by approximately 240 nautical ailes. 


The single XBT transect in sid-July (Figures 4.6-6 and 4.6-7) illustrates that 
am anticyclone-cyclone pair was still well developed adjacent to the western 
slope. However, reliance on such a single line does not provice information 
concerning possible interaction of Eddies B and C. As shown in Figure 4.2-13 
(p. 65), Drifter 3379, which was originally released in Eddy C, begins in June 
to move clockwise around the region believed to contain Eddy 3B as shown in 
Figure 4.5-7 (p. 211). This precess continued during July and August 1986. 
It is mot clear whether the anticyclone seen in July 1986 is Eddy B, Eddy C or 
a combination of the two. The anticyclones shown in Figure 4.5-7 (Eddy 3) and 
Figure 4.6-7 have comparable central depths of the 86°C isotherm. Note also 
that the cyclone on the northern end of this transect does not have 
appreciable signal above approximately 225m depth, and the surface-mixed layer 
(L.e., above the seasonal thermocline) is approximately 50m deep. Thus, there 
would be no temperature signature of the two features above 50a depth. 


Figures 4.6-4, 4.6-8 and 4.6-9 present results of an XBT survey conducted in 
sid-August 1986 by the Mexican Navy Ship HO-2 in cooperation with MMS. 
Figures 4.6-4 and 4.6-9 contain contour plots of the 868°C, 15°C and 21°C 
isothers depths. Comparison of the 8°C temperature contours from April to May 
(Figure 4.5-7, p. 211) and July (Figure 4.6-6) with these August observations 
shows that the cyclonic feature has changed location substantially or 
dissipated. Depths of the various isothermal surfaces suggest that a general 
area of warmer water gay have been present south of 25°N. In Figure 4.6-4, 
the 68°C isotherm goes to 6808 which is the same seen in previous cruises. 
However, the survey showed the gradient of isotherm depth to be such sore 
gradual than seen previously. This could be «xplained in part by the apparent 
absence of the cyclone to the north. During previous cruises, the isothers 
Goming associated with the cyclone tended to intensify lateral thermal 
gtedients. Based on a combination of drifter data and the XBT cruise data, it 
is probable that Eddies B and C interacted and possibly merged to form a large 
but more diffuse region of warm water (depressed isotherms). 


4.6.3.2 Western Gulf of Mexico EBT Surveys in 1987 


In 1967, Mexican scientists from the Institute de Investigaciones Electricas 
conducted two gajor hydrographic surveys of the western Gulf south of 26°N 
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Figure 4 6-5 Topography of the 15°C temperature surface in late April and 
early May 1986 based on SOOP cruises AL-86-03, AL-86-04. AL-#6é. 
05>, £2-86-01 and £)-86-02 
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sboard the R/V JUSTO SIERRA. They also collected XBT data as part of the MMS 
SOOP program that are available for use in this study. Figure 4.6-10 shows 
the positions of the X3T stations for the May 1987 cruise, and Figures 4.6-lla 
and b show the depths of the 15°C and 21°C temperature surfaces. There is no 
temperature surface for 8°C for the May 1987 cruise because type T-4 XBT 
probes, which have «a saximum depth capability of 4508, were used. The 
positions of the KET stations for tne second cruise in October 1987 are shown 
in Figure 4.6-12, and the depths of the 68°C, 15°C and 21°C temperature 
surfaces are shown in Figures 4.6-l3a-c. 


The prominent feature in the figures for the May 1987 cruise is a large Loop 
Current eddy that is believed to have separated in early 1987. Like Eddy A, 
this one followed a more westerly than southwesterly path across the Gulf. 
The May cruise sapped it before it began to interact strongly with the 
continental slope. The 280m depth contour of the 15°C isotherms in Figure 
4.6-lla indicates that this eddy is very large--on the der of 450 ka in 
élapeter. Its core is slightly elliptical, with the gsjor axis oriented 
north-south. Lobes protrude to the northeast and south in ts outer portion. 
Some of this structure aay, however, be an artifact of the srveral weeks over 
which the data were collected. Figure 4.6-14 shows the path «of AROCOS drifter 
7234 which was trapped in the eddy during April and May. Thr centers of the 
clockwise orbits aigrate westward, and the diameters of the orbits increase 
wntll the drifter is ejected in early June, at which tise the western side of 
the eddy appears to have reached the continental slope. 


On the eastern or trailing side there is a partially resolved cyclonic 
feature. The spacing between the latitudinal lines of XBT stations is too 
wide to define the internal structure of the cyclonic feature. It is 
possible that instead of a single feature, there are two or sore saaller ones. 
Figures 4.6-15 and 4.6-16 show the paths of ARGOS drifters 5839 and 5837, 
respectively Drifter 5839 goes southward during June and July while 
undergoing a series of small cyclonic loops. The motion suggests the drifter 
is trapped in «a small cyclone that is advecting clockwise along the 
southeastern periphery of the large anticyclone. Drifter 5837 is i+ che same 
region at the same time and exhibits small cyclonic revolutions as it soves 
anticyclonically around the gajor LC eddy. These drifter trajectories and XBT 
data strongly suggest the presence of cyclonically rotating features which are 
goving anticyclonically about the primary mesoscale eddy. 


During August, the paths of ARGOS drifters 5839 and 5837 make siailar, large 
anticyclonic orbits that indicate that the western edge of the anticyclone is 
located next to the continental shelf. The October 1987 cruise data show a 
very elliptical anticyclone oriented northeast-southwest. The western side 
of the anticyclone is located east of the 20008 isobath, and a cyclone lies 
over the continental slope. Although there are no drifrter data for the 
anticyclone during September, it is reasonable to speculate, given the 
behavior of Eddy 53 that was observed in great detail, that during September 
the anticyclone moved eastward off the topography and that the cyclone was 
spun up during the interaction of the anticyclone with the continental slope. 
if the anticyclone was moving during the 4 weeks of the October cruise, its 


ellipticity and some of the emaller scale features in Figures 4.6-l}a-c may 
be artifacts 


In Figure 46-1), « small, weak anticyclone is centered near 24.5°N, 92.0°V. 
its origin was not observed it is also known, based on drifter data, that 
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Figure 4.6-10. Cruise track of the R/V JUSTO SIERRA and the location of all 
EBT stations occupied during the period from May } through 
Jume il, 1987 
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Figure 4 6-lla Topography of the 15°C temperature surface based on KET data 
for the May 1987 R/V JUSTO SIERRA cruise 
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Figure 4.6-115. Topography of the 21°C temperature surface based on ABT Gata 
for the May 1987 B/V JUSTO SIERRA cruise 
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Figure 46-12 


Crulee treck of the B/V JUSTO SIERRA and the lecation of a)) 
XBT stations ceceuplied during the period free Octeber 14 
through Neveaber 16, 1987. 
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Figure 4 6-l)a. Tepegraphy of the 6°C temperature surface based on XBT data 
for the Octeber 1987 R/V JUSTO SIERRA cruise 
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for the Octeber 1987 R/V JUSTO SIERRA cruise 
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Fivure 4. 6-12 Tepegraphy of the 21°C temperature surface based on ABT data 
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